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|. INTRODUCTION 


A. BACKGROUND 

The current economic climate in Venezuela--as in all nations--demands 
sound economic decisions. To make sound decisions, the decision-maker 
must have all information pertinent to the problem. His information must 
be complete, logical, and presented in an easily understood form. 

Today's decisions involve complex issues, which frequently require high 
investment and operating costs, with varying uncertainties. The 
complexities of the operational environment in government are not 
restricted to select areas, but permeate every activity and program to the 
lowest level of operations. In this rapidly changing climate of available 
resources and operational priorities, today’s decision-makers must be 
prepared to justify and defend both current and future needs. Economic 
analysis offers a useful aid in this regard. 

The requirement for effective economic analyses in the Venezuelan Navy 
is increasing due to budget problems, interservice competition, and 
programs to promote wise use of money. The process of conducting and 
reviewing economic analysis in the Venezuelan Navy is plagued with 
inconsistencies. Evaluation committees, which make resource allocation 
decisions, employ different approaches to economic analysis. The final 
decisions are often adversely affected by this lack of uniformity in the 
procedures. The root of the problem is easy to identify: the Venezuelan 


Navy does not have guidelines for performing economic analyses. 


B. STATEMENT OF THE PROBLEM 

The Venezuelan Navy is searching for modern and improved methods of 
analyses to handle more efficiently the increasing levels of resources 
assigned to the Navy budget. Despite its growing pool of resources, the Navy 
must still compete with numerous other public expenditure requirements. 
These increasing fiscal pressures make the job of the resource manager 
more crucial than ever before. Decision-makers at all levels of authority 
are being called upon to justify their resource allocation decisions as cost 
effective. While at first glance, this requirement may seem unnecessarily 
burdensome to the decision-maker, upon reflection, the prudent individual 
will recognize that it is both proper and essential to effective resource 
management. Progress attained through informed choice is greater than 
that attained by chance or by hunch decisions. Consistent with this 
philosophy, the Venezuelan Navy strongly emphasizes sound economic 
justification for expenditures. 

However, the Venezuelan Navy, has not yet implemented a comprehensive 
general policy to allow effective economic analysis and program evaluation 


studies. The current methods of doing business are discussed in Chapter /I. 


C. IMPORTANCE OF THE RESEARCH 

This thesis is oriented toward the determination of adequate actions 
which will allow the establishment and implementation of new policies, 
procedures, and instructions to be used in the Venezuelan Navy as a suitable 


strategy to carry out economic analyses and program evaluation studies. 


D. OBJECTIVE OF THIS STUDY 

The purpose of this thesis is to provide basic guidance for conducting 
and reviewing economic analysis for: 

(1) Proposed programs, projects and activities. 
(2) Program evaluation of ongoing activities 

The methodologies demonstrated herein offer an approach the 
Venezuelan Navy can apply to comprehensive and continuous management 
reviews. 

This thesis is written to be easily understood, with detailed 
explanations of the techniques required in preparing an economic analysis. 
The assumption throughout is that the reader is a novice in the field of 
cost/benefit analysis. The author has therefore tried to develop material 


from a few very basic economic and common-sense principles. 


11. THE V NAVY iC AN [> PR 


A. AN INTRODUCTION TO VENEZUELA 
|. Political History 

Discovered by Columbus on his third voyage to the New World in 
1498, Venezuela in}810 became one of the first South American colonies to 
revolt against Spain. However, it was not until 1821 that independence was 
achieved under the leadership of Simon Bolivar, Venezuela's native son and 
National hero. Venezuela was part of the Greater Columbian Federation until 
1830, when it adopted a constitution of its own. 

Venezuelas independent existence has been characterized by 
frequent periods of political instability, dictatorships, and revolts. The 
Nation's modern era began in 1935, after the death of General Juan Vicente 
Gomez, who had exercised an autocratic, almost feudal rule for 27 years. 
(Ref. 1: p. 7] 

General Eleazar Lopez Contreras assumed office upon the death of 
Gomez, and the Gomez Congress elected him President in early 1936. 
Initially coming to power as the Gomez War Minister, as President, he 
dismantled the Gomez regime. 

General Isalas Medina Angarita became President in 1941 upon 
nomination by his predecessor and ratification by Congress. Medina 
recognized political parties, including Accion Democratica (AD), Democratic 
Action, which was to become the fountainnead of nearly all parties. Medina 
emptied the jails, recalled the exiles, eliminated press censorship, and 


Introduced reforms in agriculture, social security, and education. As just 
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two examples: in 1942, he implemented the Progressive income Tax Law, 
and his Hydrocarbon Law of 1943 became the framework for future 
petroleum policy. 

The AD was the major political party opposing Medina and, by 1945, 
it was eager for power. After the collapse of a plan for cooperation 
between the AD and the Medina government in the selection of Medina’s 
successor, the AD joined with disaffected young military officers in ousting 
Medina before his term ended. The AD justified its actions by arguing that 
Medina’s successor would delay democracy indefinitely. Despite military 
participation in the takeover, Civilians dominated the Junta of military 
officers, and Romulo Betancourt of the AD became the interim President. 

Political and economic reforms came tumbling out of Miraflores 
Palace. The new government wanted to change everything at once. The 
Junta called for popular elections of the President and Congress. New 
parties sprang up and labor organized. In the first free elections in 
Venezuelan history, Romulo Gallegos, novelist and educator, and head of the 
AD party, was elected President in February, 1948. 

In mid-November 1948 the government of President Gallegos was 
overthrown. A military Junta ruled until late 1952, when General Marcos 
Perez Jimenez, the dominant member of the Junta, was designated 
President. 

After 10 years of military dictatorship, the armed forces, with 
overwhelming popular support, deposed the Perez Jimenez Government on 
January 23, 1958, and formed a Junta of Government composed of three 
military officers and two civilians. The new Junta promptly announced that 


Its primary objective was to establish a lawful and honest democratic 
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regime under which individual liberties would be guaranteed. In the first 
hours of Its existence the provisional government restored Civil Iberties, 
removed censorship, released political prisoners, and invited exiles to 
return. The Junta moved quickly to establish procedures for democratic 
elections. 

The elections were held on December 7, 1958, and on February 13, 
1959, Romulo Betancourt (AD) was inaugurated as President of the Republic. 
He was the first democratically elected President to complete his term of 
office and the first in a series of democratically elected Presidents. The 
nation had entered a new era. 

In 1964, Raul Leoni (AD) was elected President and continued the 
policies of Betancourt, introducing new reforms. Congress increased its 
participation in political decision-making. In 1969, Venezuela registered 
another first: Rafael Caldera of the principal opposition party, the Comite 
de Organizacion Politica Electoral Independiente (COPE!), won the election 
and became President. 

The successful change of political control of the government helped 
consolidate the democracy. In December 1973, the nation chose its fourth 
popularly elected President. AD regained control of the presidency when its 
candidate, Carlos Andre Perez, defeated 12 other presidential contenders, 
but in December, 1978, COPE! won the election, and Luls Herrera Campins 
became President. In twenty years Venezuelan politics had changed from an 
uncertain experiment in representative government to a robust two-party 


democracy with accepted norms of conduct. [Ref. 2: p. 44] 


2. Government structure 


Venezuela is divided into 20 states, a federal district, two federal 
territories, and 72 islands in the Caribbean Sea. The National government is 
highly centralized and is composed of separate executive, legislative and 
judicial branches. Venezuela has a written constitution; the last one was 
adopted in 1961 and is the twenty-fifth since independence. The newest 
constitution was designed to guarantee continued popular democracy, direct 
elections, checks and balances among the branches of government, and 
specifications of responsibilities. 

The Executive Branch of the government is headed by the President, 
who must be a Venezuelan by birth, at least thirty years of age, and not a 
member of the clergy. Elected by a plurality vote through direct and 
universal suffrage, the President serves a five-year term and may not be 
reelected until after two additional terms have passed. Ex-presidents 
automatically become members of the Senate. There is no Vice-President. 
In Case of vacancy, the President of the Congress acts as chief executive 
until that body can select a new President. 

The President directs all foreign affairs and is Commander-in-Chief 
of the Armed Forces. He is assisted in his executive duties by his cabinet, 
the Council of Ministers. The size of this council has varied since 1958; in 
mid-1976 it had twenty members--eighteen Ministers, the Governor of the 
Federal District, and the Secretary General of the Presidency. Members of 
the Council of Ministers serve as a body to advise the President and as 
individuals to direct the operations of their respective departments. They 
are appointed and removed by the President, to whom they are directly 
responsible. (Ref. 2: p. 55] 


The structure of the Venezuelan Congress closely parallels its 
United States counterpart. It 1s a bicameral body, consisting of the Senate 
and the Chamber of Deputies. The Senators and the Deputies are elected by 
direct and universal suffrage for five-year terms. Two Senators are elected 
from each state and two from the Federal District. There are three 
additional senators who serve for life--the ex-presidents, Betancourt, 
Caldera, and Perez. 

The major functions of the Venezuelan Congress are to consider, 
debate, approve, reject, or alter legislation; and to oversee the Executive 
Branch and its agencies. Most important legislation is not initiated by the 
congress, however, but by the Executive Branch. 

As in the United States, much of the work of the Congress is 
accomplished through committees. Originally, each chamber had the same 
ten standing committees. Two committees in each chamber deal with 
internal affairs and foreign relations, four committees deal with economic 
matters, and the remaining four consider matters of public service, such as 
education, tourism, and defense. The most important panel is the Delegated 
Committee. An interim body created by the constitution, it is composed of 
the President and Vice-President of Congress and twenty-one other 
members selected on the basis of party representation in Congress. This 
committee serves during periods when the Congress is adjourned and acts 
for the Congress in its relations with the Executive Branch. During such 
times, the Delegated Committee may even convene Congress in extraordinary 


session if necessary. [Ref. 3: p. 181] 


B. MISSION OF THE VENEZUELAN NAVY 

Venezuela's constitution proclaims the principles of national 
independence, security, peace, and stability. It advocates international 
cooperation, democracy, and self-determination of peoples. 

The constitution asserts Venezuelan national sovereignty over all the 
country's land and airspace and over the territorial sea three nautical miles 
from the coast plus an additional nine-mile contiguous zone on the 
continental shelf. 

The legal instrument to assure and to warrant the national defense is, 
according to Article 132 of the constitution, the Armed Forces, comprising 
the Army, Navy, Air Force, and National Guard. These service branches have 
been created by the state to protect its citizens and the inviolability of 
Venezuelan territory. (Ref. 4: p. 132] In the broadest context of the 
Venezuelan Armed Forces, the Navy has been assigned the following mission: 

To guarantee the national sovereignty in the maritime frontier, in the 
Venezuelan territorial sea and rivers and lakes zones exercising control 
of the contiguous Zone and continental shelf with the purpose o 
contributing, together with the other forces, to the national defense, the 


sCability of the democratic institutions, and the respect for the 
constitution and laws of the republic. 


C. THE VENEZUELAN NAVY RESOURCE ALLOCATION PROCESS 
|. The Ministry of Defense Budget Process 
The Minister of National Defense is a cabinet member, appointed by 
the President. As in the United States, the budgetary process related to 
national defense is the responsibility of the Ministry of Defense. Since 
1958, by decree of the “Junta de Gobierno,” the Commandant General of each 


service has been responsible for the command, organization, administration, 
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and instruction of his own branch, and each reports directly to the Minister. 
Altnougn a joint staff functions in areas Of concern to all four service 
branches, it does not interfere with the direct chain-of-command 
relationships between each service and the MOD. 
2. Organizational Elements in the VeneZuels . avy Budgetary Proce 
a. Estado Mayor General de la Armada (EMGAR)--Staff of the Navy 
The function of the EMGAR is to establish and prioritize Navy 
goals in an operative annual plan (called the POA) and to forward the plan to 
the Commandant General of the Navy (CONGEAR)! for further approval. The 
EMGAR staff also designs the Financial Plan of the Navy (FNP), and develops 
an analysis of the Navy's mission as it relates to national defense and 
development. This analysis is included in the annual budget. 
b. Direction de Presupuesto Programacion Ecomica (DIPPE)- 
Direction of Budget and Economic Programming 
This body suggests alterations to the budget structure of the 
Naval Defense Program to the CONGEAR. It translates objectives into 
programs and it initiates the budget formulation process. It also analyzes 
the requirements of the individual activities that comprise the Navy's 
program structure. [Ref.5: p. 5] 
c. Comite De Programacion y Presupuesto (CPP)--Programming and 
Budget Committee 
The CONGEAR presides over this committee, whose members 
include the Directors of the major staff offices and fleet and Marine Corps 


representatives. Members of the CCP review the findings of the DIPPE 


IThe acronym abbreviates the Commandant's Spanish title, Commangant 
General de la Armada 
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during the budget formulation process, and they initiate financial 
adjustments and grant final approval of the budget. 
3. Major Programs 
The Venezuelan defense structure is organized according to ten 
major program areas (another parallel to the situation in its northern 
neighbor, the United States). The Venezuelan program structure breaks 


down as follows: 


MPROOT AM O'lN........cccsseeseceeseseees Central Administration 
WMP ROGT AM OZ... eccsescesenees. Land Defense 

Me OGR AI O92 sees ecsccs es. Naval Defense 

@ PrOgraM 04.0... cee Air Defense 

MTOR ANY OD........cccccccccceseeee. National Guard 

@ Program 06... Presidential Guard 

BRP POGFOM O70... ccccssneseees Education 

MM OORAIN OG... crccccc.cccocccecreeee. Support Services 
(EL [ate (18 0): See 90Ccial Benefits 


Each program has a sponsor, responsible for its overall 
execution and resource allocation. Each program is further subdivided into 
functionally based activities, which constitute the programmatic basis for 
resource allocation. Each activity has its own sponsor, usually the director 
of amajor staff in the naval organization. 

Each individual unit is assigned to a given activity, according to 
its functional responsibilities. 

Of obvious interest to this particular thesis is The Naval 
Defense Program (Program 03). The sponsor of this program is the Navy's 


service chief, the Commandant General of the Navy (CONGEAR). The Naval 

Defense Program is subdivided into six activities. [Ref. 5: p. 8] 
Activity Ol: Superior Direction. This activity includes major organiza- 
tional elements, with units serving functions such as advisor, staff 
inspection, budgeting and electronic data processing. (Sponsor: DIPPE) 
Activity 02: Naval Operations. This activity includes the fleet and the 
Marine Corps and other direct-support activities such as intelligence, 
communication, and hydrographic services. (Sponsor: The Chief of Naval 
Operations) 
Activity 03: Support Services. These include activities that support the 
operating commands, such as naval bases, naval stations, food services, 
maintenance, and facilities construction. (Sponsor. The Chief of 
Logistics) 

ivity 04: Development and Capacitation of Human Reso 

(Training), This activity includes the Naval War College, Naval 
Postgraduate School, Naval Academy, and the Naval and Marine Corps 
Training Center. (Sponsor: The Chief of Education). 
Activity OS: Administration of Human Resources. This activity includes 
programs related to military professtonal development, civilian 
personnel, the well-being of naval personnel, medical care, and naval 
Justice. (Sponsor: The Chief of Personnel) 
Activity 06: Support of Military Personnel This activity consolidates 

- programs relative to military pay and other benefits and compensation. 


(Sponsor: The Chief of Personne}). 
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4 Budget Execution and Contro! 


Funds flow to the Navy from the Minister of Defense, who issues an 
authorization letter for all of the services. 

The Navy's Director of Finances reallocates these funds to the six 
different activities in Defense Program 05 and establishes expense 
limitations for individual programs. The activities must execute and 
contro! their programs in compliance with the directives issued by the 
Director of Finances; specifically, the activities may not exceed the fiscal 
targets imposed by the DOF. 

The commanding officer of each individual unit must provide a 
monthly statement of payments to the Director of Finances. These 
statements must be supported by invoices for all payments. 

The Director of Finances can conduct audits of naval activities at 
any time. When an audit is ordered, the scope of the auditor's authority may 
include any or all of the following: 


@ Determination of whether controls are adequate and consistent with 
rules and directives of higher authority. 


e Determination of whether accounting for receipts and expenditures is 
adequate. 


e Checks or tests of the accuracy of reports, as well as their timeliness 
and usefulness. 
D. THE VENEZUELAN NAVY DECISION-MAKING PROCESS 
The Venezuelan Navy decision-making process can be best understood by 
examining an actual program. The management process for acquisition of 
naval ships from countries with shipbuilding industry as it is presently 


performed by the Venezuelan Navy provides a good illustration. This process 


2\ 


has its fundamental basis in the Ministry of Defense (MOD) Directive D-MD- 
EMC-715-02, issued on June 11, 1975. 

In response to the MOD directive, the Venezuelan Navy issued its own 
guidance, Directive DIR-MA-CGM-0050, which was updated and reissued on 
April 15, 1985, as DIR-MA-CGM-0030-C. [Ref. 7: p. 1] The new Venezuelan 
Navy directive describes the major system acquisition process., in terms 
Stages. 

The Venezuelan Navy methodology for managing the naval ship 
acquisition process fs described in terms of the chronological steps and is 
developed stage by stage. The basic stages may be defined as follows (refer 
to Figure 2-1): | 

e@ Statement of Need 
@ Operational Requirement 
@ Technical Requirement Specifications 


Bids/Evaluation 


@ Project Definition and Contract Definitization 

To clarify the various stages of the acquisition process and to illustrate 
the sequence of the whole cycle, it is necessary to understand the 
organizational structure of the Venezuelan Armed Forces and particularly of 
the Navy. | 

AS Can be seen In Figure 2-2, the Ministry of Defense of Venezuela 
comprises different staff and executive organizations. 

Figure 2-3 illustrates the structural organization for the Venezuelan 
Navy. It includes relevant organizations such as the Commandant of the 
Navy, the General Staff, the Juric consultor (judge advocate) and four 


“Jefatures’--chiefs of personnel, education, operations, and logistics. 
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E. THE ECONOMIC ANALYSIS PROCESS 
Tne purpose of describing tne Venezuelan Navy resource-allocation and 
decision-making process is twofold: 


@ First, to provide the reader with a broad overview of the economic 
process currently employed in the Venezuelan Navy; and 


e Second, to demonstrate that the Navy lacks any unif ar, understood 
and implemented provisions to insure consistent application of 
economic analysis. 

Managers at every level of command are being confronted daily with 
decisions involving the allocation of scarce resources; nevertheless, most 
decisions about consumption of resources are being made without full 
consideration of all cost and benefits (via economic analysis). 

One could suggest several explanations as to why decision-makers fail 
to apply economic analysis techniques: 

e They're unaware of the existence of appropriate analytical methods; 
e They don't understand the purpose of an economic analysis; 
e They're fearful of documenting the decision process; 


e They believe economic analysis is meaningless or of insufficient value 
to justify itself. 


Identifying all the reasons for non-application of economic analysis and 
corresponding solutions to insure its application would probably be 
impossible, since each decision-maker’s conceptual process is unique. 
However, the contentions remain valid tnat (1) economic analysis can aid 
rational decision-making, and that (2) the Venezuelan Navy can only benefit 
by establishing provisions to insure its informed and effective application. 


The remainder of this thesis will attempt to prove these contentions. 
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111. THE CONCEPT OF ECONOMIC ANALY I> 


A. INTRODUCTION 

Economic analysis is concerned with choice. It is based on the premise 
that every decision has a number of choices or alternative ways in which to 
successfully achieve an objective. Specific decision problems will vary, as 
well as the choices for their solution; economic analysis provides a 
guideline in a choice situation where there are alternatives with 
measurable costs and benefits. | 

Economic analysis is a systematic method of evaluating alternative 
approaches in a given choice situation. Embedded into the evaluation of 
alternatives is a set of constraints and criteria by which each alternative is 
compared. More simply stated, economic analysis is a method of evaluating 
alternatives to help the decision-maker discover a solution to the decision 
probiem. 

In choosing an alternative, the decision-maker must weigh those costs 
and benefits in terms of tradeoffs: what w’'] not be realized by foregoing a 
particular alternative. When an alternative is chosen, the benefits and 
costs of the other alternatives are not realized. The cost of one alternative 
may be expressed as the benefits that will not be realized when another 
alternative is chosen. 

These views may be summarized as follows: 


@ Economic analysis is a method for evaluating alternatives. 


e@ Economic analysis is only a tool for assisting the decision-maker In 
choice situations; it does not itself dictate decisions. 
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e Economic analysis assists decision-makers in structuring their 
choices within constraints and in establishing a clear criterion for 
evaluating those choices [Ref. 8: p. 5! 

B. ECONOMIC ANALYSIS DEFINED 

Economic analysis can be defined as a systematic approach to the 
problem of choosing how to employ scarce resources, including 
investigation of the full implications of achieving a given objective in the 
most efficient and effective manner. The determination of efficiency and 
effectiveness is implicit in the assessment of cost effectiveness of 
alternative approaches and is accomplished by: 

n ee ae identifying the benefits and other outputs and costs 
associated with alternative programs, missions, and functions and/or of 
alternative ways of implementing a given program. 

e Highlighting the sensitivity of a predicted outcome to values of the key 
parameters and assumptions on which decisions are based, including 
technical, operational, schedule and other performance considerations. 


@ Evaluating alternative methods of financing investments, such as 
leasing or buying. 


e Using benefits and costs to compare the relative merits of alternatives 
as an ald to: 


-- Making trade-offs between alternatives; 
-- Recommending the most cost-effective alternatives; 


-- Establishing or changing priorities. 


C. USES OF ECONOMIC ANALYSIS 

Economic analysis is generally used in two ways: (1) to assess the 
economic consequences of a decision already made, or (2) as part of the 
initial decision-making process. The distinction lies in the relationship of 
the analysis to the planning and decision process. Figure 3-1 illustrates 
Chis distinction. 
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Figure 3-1. Uses of Economic Analysis 


In analyzing the economic impacts of a previously made decision, it is 
assumed that a given decision, or set of deciSions, has indeed been made. 
The results of the economic analysis can then be used to determine future 
courses of action. | 

In applying economic analysis to initial decision-making, however, it is 
assumed that the decision itself will depend on the economic consequences 
of two or more alternatives. In this case, a decision would not be made un- 
til all costs and benefits of each alternative are estimated. [Ref. 9: p. 1-2] 

Economic analysis is not intended to be an absolute determinant of a 
particular course of action or project. It is merely g tool by which more 
factors may be quantified to assist the decision-maker. The decision-maker 
must interpret the results of the analysis in light of any additional 
information (for example, political constraints, non-economic objectives) 
that may not have been considered in the analysis. 

Economic analysis is of importance to any person involved in allocation 
of funds or other resources, such as manpower or hardware. 

The possible benefits accruing from such analysis are many. It can 
assist in the evolution of cost and benefit data and effecting a more precise 
comparison of alternative courses of action. AS a consequence, it can 
thereby help determine better solutions to investment problems. 

The use of rigorous and systematic economic analysis can result ina 
better allocation of resources through improved visibility of the economic 
aspects of programs and projects. Since economic analysis is a general 
procedure, it can be used to help solve a wide range of problems, from 
Simple to complex. (Ref. 10: p. 1-2] if properly used, it can provide a 


given set of outputs or potential outputs for less cost. 
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D. SECONDARY USES OF ECONOMIC ANALYSIS 

while the primary purpose of an economic analysis Is to ald the 
decision-maker in choosing a course of action from among alternatives, it 
can also serve other purposes. , 

The economic analysis can be a benchmark for future program 
evaluations. 

Economic analyses can be useful to the budgeteer in determining future 
funding requirements. 

The economic analysis serves as visible evidence to higher echelons of 
review and approval that economic factors bearing on the recommended 
decisions have been duly considered. Thus, it also plays arole in project 


documentation. [Ref. 10: p. 1-3] 


E. ECONOMIC ANALYSIS LIMITATIONS 
In addition to its several advantages, economic analysis is subject to 
several limitations, which must be recognized if the technique is to be put 


to the best use. 


@ Economic analysis does not norm ae establish priorities among various 
goals and objectives. it merely seeks to determine the riiost cost- 
effective means of satisfying a given objective. 


@ Even in choosing the most preferred means of meeting an objective, 
economic analysis is not itself a decision-making process; It is only one 
input to that process. The decision-makers typically must weigh the 
results of the analysis agdinst other factors, such as safety, health, 
morale, environmental impact, political considerations, and national 
priorities. In short, economic edit Sop Is not a substitute for sound 
judgment. Rather, by systematically quantifying what is quantifiable, it 
allows the decision-maker to focus his judgment more sharply on those 
areas where quantification alone cannot point to the “best” decision. 
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e Aneconomic analysis is only as good as the data upon which it is based; 
it cannot provide results more valid than the input data. Judicious 
formulation of assumptions and careful estimation of costs and benefits 
are therefore critical to the economic analysis process. Yet, no matter 
how much care is exercised during those stages, uncertainty cannot be 
eliminated aly es F Economic analysis necessarily involves 
assumptions, projections, or estimates of future events whose 
outcomes cannot be known with certainly until ae occur. The obvious 
goal of the analyst is to minimize uncertainty and to cope with it ina 
rational manner. 
F. WHEN ECONOMIC ANALYSIS IS NOT REQUIRED 

Economic analysis is not appropriate to every decision-making process. 
Two important guidelines apply in determining to forego this particular 
tool: 


e Where it can be shown that the minimum level of effort required to do 
the analysis would exceed the benefits to be gained therefrom; and 


e When proposed actions have been specifically directed by legislation or 
saa Or ome a decisions that preclude any choice or 
6. ECONOMIC ANALYSIS VERSUS PROGRAM EVALUATION 

Program evaluation is economic analysis of on-going actions, with the 
purpose of determining how best to improve an approved program (project) 
based on actual performance. Program evaluation studies entail a 
comparison of actual performance with the approved program(project) as 
designed. 

Economic analysis and program evaluation have different purposes. The 
former concept is designed to assist a manager in identifying the best new 
program and projects to be adopted. The latter focuses on already approved 
programs and projects, with the purpose of ensuring that established goals 
and objectives are being attained in the most cost-effective manner. [Ref. 


ll: p. 3) 
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Functional managers must understand the distinction between economic 
analysis and program evaluation so that they may distinguish the different 
type of supporting data for each purpose. By properly distinguishing and 
accumulating appropriate data, functional managers can reduce delays for 
decision-makers, as well as reduce the demands decision-makers place on 


the functional organizations with recurring requests for data rework. 


H. ECONOMIC ANALYSIS ADVANTAGES 

Numerous advantages may be derived from economic analysis, including 
the following. 

By its nature, the economic analysis process forces a clear statement 
of objectives, which aids in defining the intent of the study. 

Economic analysis forces the statement of assumptions upon which the 
analysis is performed; explicit statement of these assumptions can clarify 
understanding of both the problem itself and of its implications. 

If done properly, economic analysis will identify and explore all feasible 
alternatives to the problem at hand, thereby uncovering possible solutions 
that might have otherwise gone overlooked. 

Economic analysis also forces the decision-makers to identify and 
acknowledge all resources required to fulfill a given objective; in the 
absence of such analysis, a comprehensive identification of resource 
requirements often evolves only after the program in question is well into 
execulion. 

Perhaps most importantly, economic analysis offers a logical method to 
Identify and consider a variety of alternatives to solving a particular 


problem; decision-makers have a broader range of information upon which to 
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base their final choices. Moreover, it assists superiors in evaluating the 
work of subordinates, aS well as in the audit function. 

If conducted properly, economic analysis can also provide a framework 
for simplifying communications, both during and after the actual analytical 
process. All participants--analysts, decision-makers, budgeteers, and 
program executives--can benefit through increased information. 

In sum, economic analysis never will--and never shoyld--automate 
decision-making. It is not intended as areplacement for judgment, but 
rather as an aid thereto. As such, it can provide a systematic methodology 
for collecting, documenting, and transmitting pertinent information to all 
participants in a particular program, throughout the life of the endeavor. 
[Ref. 12: p. 3] 
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IV. THE ECONOMIC ANALYSIS PROCESS 


A. INTRODUCTION 
Economic analysis is a conceptual framework f or systematically 
quantifying, portraying, and evaluating the relative worth of proposed 
projects. In conducting an economic analysis, the analyst uses a disciplined 
procedure to the fullest extent. The economic analysis procedure consists 
of a six-step approach; the diagram in Figure 4-1 shows the relationships of 
the elements of the economic analysis process. ([Ref. 10: p. 2-11) 
The six steps are: 
1. Establishing and defining the goal or objective; 
2. Formulating appropriate assumptions; 
3. Searching out alternatives for accomplishing the objective; 


4, Determining the costs (inputs) and the benefits (outputs) of each 
alternative; 


>. Comparing costs and benefits of the alternatives; 


6. Performing sensitivity analysis. 


B. DEFINING THE OBJECTIVE 

The single most important step in the analysis is the first step, defining 
the objective. Without a succinct statement of what is to be investigated, 
the analyst cannot possibly proceed in a meaningful way. A faulty or 
incomplete objective definition can lead to an expenditure of time, 
manpower, and material in developing the right solution to the wrong 


problem. 
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6 PERFORM SENSITIVITY ANALYSIS 


Figure 4-1. Economic Analysis Process 


Such defects are usually avoided by stating the problem in terms of a 
functional need, without implying now that need is to be met. The actual 
wording of the objective is critical in that it should reflect a Cotally 
unbiased point of view concerning how the objective may be accomplished. 

In addition to clarity and lack of bias, the statement of objective should 
contain explicit criteria for measuring the effectiveness expected to result 
from the proposed concept. By stating the goal in quantitative terms, the 
result of the selected solution can be measured against the desired 


standard. 


C. FORMULATING THE ASSUMPTIONS 

The process of economic analysis deals with future expenditures and 
thus involves elements of uncertainty. A complete factual picture of an 
alternative under consideration may be impossible to construct, and certain 
assumptions may be necessary to proceed with the analysis. The purpose of 
the assumptions is not to limit the analysis, but to reduce often extremely 
complex situations to problems of manageable proportions. The analyst 
Should be careful to match assumptions with the actual conditions under 
which the analysis is taking place. It is important not to confuse 
assumptions with facts or to attempt to simplify the analysis through use 
of assumptions when, with summary research, the analyst can obtain 
factual data. Because an assumption is an accepted “given” as opposed to a 
verifiable fact, it involves a degree of uncertainty. For this reason, 
regardless of the degree of impact they have on the analysis, all pertinent 


assumptions should be so identified. This assures that the decision-maker 
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realizes the basis under which the alternatives are subsequently developed 
and evaluated. [Ref. 9: p. 2-3] 

Common examples of assumptions include such factors as the estimated 
useful life of an asset, the introduction of the discount rate, and the 


estimated future work load. 


D. IDENTIFYING THE ALTERNATIVES 

The alternatives are the options or means available to the decision- 
maker by which the stated objectives can be attained. Depending on the 
particular question, alternatives may be policies, strategies, or action of 
any sort. Alternatives need not be obvious substitutes for one another, nor 
must they perform the same specific functions. In addition, the alterna- 
tives are not merely options known to the decision-maker at the start; they 
include whatever additional options can be discovered or thought of later. 

Designating a particular alternative as the means of accomplishing the 
objective implies a certain set of consequences; we speak of these as the 
impacts associated with the alternative. Some of these impacts are 
benei its and contribute positively to the attainment of the objective; others 
are costs, negative consequence associated with the alternative, things the 
decision-maker wants to avoid or minimize. In addition, there may be other 
impacts associated with an alternative (often factors over which the 
decision-maker had no control) that while they have little effect, positive 
or negative, on the attainment of the desired objective, should nevertheless 


be considered in the analysis. (Ref. 13: p. 56] 
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The analysis of alternatives should include the following Rets Wi peor: 


e Identification and analysis of each feasipie alternative with clear 
presentation of the costs amd benefits or effectiveness associated 
with achieving a given objective, to the extent possible 


@ When coniparing two or more programs/projects, or two or more 
ways to accomplish a particular progtam/proyect, indication of 
which approach 1s being evaluated by an identifying number, letter, 
or special identification. | 
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alternative seeks to identity the level of costs and effectiveness 
that would accrue without changing the status quo If the “proposed” 
alternative represents a cost savings, it wilt be the difference 
between the discounted recurring cost of approved prour ami/project 
and the discounted recurring cost of each “proposed alternative, 

plus the present value of savings expected from eliminating 
modification or refurbishment costs for the present alternative 
eet to Chapter VI for more detail concerning discount and present 
value.) 


e A distinction between “present” and “proposed” The “present” 


e@ Where alternative methods of financing are avaliable, a comncarative 
cost analysis to show that the lowest cost method of acquisition 
has been considered. 

Often, the analyst preparing an economic analysis is directed to select 
alternatives that Keep the solution within certain constraints--for exainple, 
manpower, factlitles, or funding Ilmitations. The analyst should avoid 
Imposing arbitrary constraints, which would in turn unduly limit the nurmiber 
of alternatives available. Such Iimitatlon would, of course, simplify the 
analysis, but it would do so at the expense of possibly exctuding potentialty 


Valuable alternatives. 


E. ESTIMATING COST AND BENEFITS 

In practice, the step that is usually most difficult and time-consuming 
is that of estimating the costs and benefits of each alternative The analyst 
must investigate each alternative to determine all the costs and benefits 
expected during the entire life cycle of the project. The information needed 


will depend to some extent on the nature of the problem. The analyst must 
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determine what data are needed and provide for their collection. [Ref. 10: 
p25) 

Costs and benefits are essential for the entire useful life of the project, 
not simply the first year of acquisition or use. Appropriate estimates must 
be made by the year in which the cost is to be incurred or the benefit is to 
be received. The decision-maker should be interested only in the 
differences in costs of various alternatives; costs that would remain the 
Same under any alternative may be omitted from the analysis (although it is 
generally a good idea to note this exclusion under the list of assumptions). 

Benefits are usually not as easily identifiable as costs, but they still 
should be quantified to the maximum extent possible. Those intangible 
benefits that are more difficult to evaluate and quantify, such as “increased 
morale,” or “increased safety,” should be identified so far as possible and 
included in the analysis via a narrative description. 

It is important that the analyst research all possible avenues to 
attaining the objective, to assure that he has obtained the best available 
cost and benefit estimates. Some costs and benefits may be particularly 
difficult to estimate. When this occurs, the principle of conservatism 
should be applied. Conservatism as it pertains to costs involves overstating 
the cost estimate. Likewise, when benefits or savings are concerned, they 
should be understated. By being conservative in his estimates, the analyst 
decreases the risk that the actual outcome will fail to reach the expecta- 
tions predicted in the analysis. Because acceptance of the analysis depends 
upon the credibility of the estimates, it is essential that the analyst docu- 


ment all sources and derivations of cost and benefit data. (Ref. 10: p. 2-11] 
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F. RANKING ALTERNATIVES 

In general, economic analysis will be used by managers as an Input In 
selecting the most cost-effective alternative. 

Criteria for determining and ranking the cost-effective alternatives 


include the following (Ref. 11: p. 12}: 


Least- Alternatives. When alternatives for achieving a given 
mission or objective contribute the same level of benefits, the 
alternative with the lowest discounted cost or lowest uniform annual 
cost should be preferred. 


e Alternative with Maximum Benefits. As arule, the best criterion, in 


cases where benefits and output are a determining factor, 1s to prefer 
the alternative that pid the greatest benefits or effectiveness for a 
given level of cost (discounted). In situations where it is difficult to 
quantify benefits and measures of effectiveness, it is important to 
provide as much useful information as possible to enable a decision as 
to which alternative yields the most benefits or effectiveness. 


@ Unequal Benefits and Unequal Costs. There is no universally applicable 
criterion for ranking alternatives in cases where both benefits and 
costs are unequal. If the benefits of the higher cost alternative are 
judged to be greater, the analysis should show the extent to which 

enefits would have to increase to justify the additional cost of that 
alternative. 

These criteria conform to the three basic types of cost/benefit rela- 
tionships: unequal cost/equal effectiveness, equal cost/unequal effective- 
ness, and unequal cost/unequal effectiveness. 

There could be situations resulting in alternatives having both benefits 
and cost of equal nature. Preference in these cases would then be 
determined by noneconomic factors. 

The comparison of alternatives is summarized in Table 4-1. [Ref. 9: 
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TABLE 4-1. COMPARISON OF ALTERNATIVES 


Cost Benefits Basis for Recommendation 
Equal Unequal Greatest benefits 

Unequal Equal Least Costs 

Unequal Unequal Highest benefit-to-cost ratio 
Equal Equal | Other factors 


Note that the first two criteria for recommendation are really special 


cases of the third. That is, if all alternatives have the same costs but 


unequal benefits, then the alternative with the highest benefit measure 


necessarily has the largest benefit-to-cost ratio. By the same logic, if all 


alternatives offer comparable benefits but involve unequal costs, then the 


least-cost alternative has the largest benefit-to-cost ratio. [Ref. 9: p. 2-7} 


Techniques that can be used to evaluate and compare alternative include: 


Present-value analysis. Present-value analysis is a means of 
bringing all future cost and benefits back to their present worths to 
allow comparable cost comparisons of time-phased costs and 
benefits. This technique is etl in economic analyses whenever 
the economic life is greater than three years. 


Uniform annual cost. This is acost-oriented approach for 
evaluating alternatives with unequal economic lives. 


Saving/Investment Ratio. This technique displays the relationship 
between future cost savings (or avoidances) and the investment cost 
necessary to effect those savings. Because savings are a necessary 
ingredient, this technique can be employed only when there iS a 

map a alternative (that is, one which would not result in 
Savings). 


Discounted rayback. This technique determines the period over 
which accumulated present-value savings will offset the total 
present-value costs of a proposed alternative. Again, a status quo 
alternative must be involved. 


Break-Even a This procedure focuses on calculating the 
value of a variable at which a manager is indifferent regarding two 
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possible courses Of action--that is, the value at which either 
alternative will produce equal results (either equal levels of 
effectiveness, equal costs, or equal Denefit/cost ratios, depending 
upon which criteria was chosen to evaluate the alternatives). 
® Benefit/Cost Ratio. Ameans of showing the relationship between 
output and cost. This technique is used to assess alternatives 
having unequal cost and unequal benefits. — 
G. SENSITIVITY ANALYSIS 
Uncertainties are always present in analysis. To portray a complete 
picture to the decision-maker, it is therefore necessary to test the 
sensitivity of the analysis to dominant cost factors and assumptions . 
sensitivity analysis also provides feedback within the economic 
analysis process by indicating to the analyst which estimates and 
assumptions are in need of further refinement. [Ref. 14: p. 7] 
By including the results of the sensitivity analysis in the final economic 
analysis presentation, the analyst assures the decision-maker that the 


uncertainties have been considered. 
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V. COST ANALYSIS 


A. INTRODUCTION 

Cost analysis is an essential element of economic analysis. The quality 
of an economic analysis depends in large measure upon the quality of the 
cost analysis performed. Economic analysis is a system which operates on 
certain input data and provides an output. The best and most complete of 
systems can yield output only as good as the input data supplied, and 
economic analysis is no exception to this rule. Solid, well-documented cost 
input data provide the foundation for the analysis and are absolutely 
essential to it. Nothing improves the output of an economic analysis more 
than good input; meaningful conclusions can be drawn only from meaningful 
cost data. [Ref. 14: p. 46] 


B. GENERAL COST CATEGORIES 

Costs are normally an essential element of economic analysis since cost 
constitutes the standard by which most alternatives are compared. Cost is 
amore complex concept than merely the monetary values associated with 
various elements of a program. For the purposes of economic analysis, cost 
can be defined as those benefits foregone by choosing a given alternative. 
(Ref. 8: p. 7] 

However, the costs identified in an economic analysis are very rarely 
likely to be the same as the budget estimate; they are even less likely to be 
close to the actual costs should the program be implemented. These 
differences occur because economic analyses deal with costs in a different 


way than the actual-cost accounting used once the project is implemented. 


44 


Economic analysis is used to weigh and evaluate proposed alternatives 
by comparing their respective costs and benefits; by contrast, accounting 
costs measure nothing more nor less than the actual outlays and returns. 

A proper understanding of the evolution of analyzing alternatives in 
terms of their economic costs and benefits requires a basic knowledge of 
general cost categories. 

1. Non-Recurring Costs. 

As the name implies, these are one-time costs and are usually 
associated with the start-up phase of aproject. Non-recurring costs may 
be either additive or nonadditive. Additive costs are unprogrammed or 
unbudgeted costs of acquiring new resources. Nonadditive costs are the 
expenses diverted from existing resources. Non-recurring costs include five 
subcategories: research and development, investment, working capital, 
value of existing assets employed, and terminal/residual value. [Ref. 9: 

p. 3-4] 
a. Research and Development (R&D) 

‘This first type of non-recurring cost includes those costs 
resulting from applied research, engineering design, analysis, development, 
and testing. The effort from which those costs derive includes the 
conceptual, validation, and full-scale development phases. R&D costs 
essentially end once an alternative is ready to be introduced into use. 

b. Investment Costs 
The second non-recurring cost category includes those costs 
which generally occur only once in the production cycle, investment, 
acquisition of equipment, real property, non-recurring services, non- 


recurring operations and maintenance (start-up) costs and other one-time 
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investment costs. These investment costs need not all occur in a single 
year. They include (Ref. 15: p. 25} 


(1) The cost of rehabilitation, modification or addition of land, 
buildings, machinery, and equipment. 

(2) The costs of rehabilitation, modification, or other capital items. 
Examples are furnishing and fitting required to put the project ona 
“ready-to-use” basis. 


(3) The cost of plant rearrangement and tooling associated with the 


project. 

(4) 2 value of non-re ing services received from others 

(5) Th f freight, foundations, and installations required by the 
project 


(6) The cost of leaseholds. 
c. Working Capital 
This non-recurring cost includes money tied up in liquid 
funds or assets on hand or on order. Generally, working capital is some form 
of inventory of consumables or similar resources held in readiness for use 
or in stock. Working capital changes can be positive (representing 
additional funding requirements) or negative (representing a reduction in 
funding requirements). Negative changes figures are usually displayed 
within parentheses ( ) indicating that the reduction in funds is to be 
subtracted from other investment costs for the alternative. [Ref. 14: 
p. 48] 
d. Value of Existing Employed Assets 
This non-recurring cost represents the value of assets 
already on hand which are to be used with the new project. However, the 
value of such existing assets shall be included in the investment cost only 


when one of the two following conditions is met: 
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(1) When the use of the existing asset will result In a Cash outlay on 
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some other pro pea which would otherwise not be incurred --that is, 
when the existing asset ts currently in use (or has an alternative 
planned use) on some other project. 


(2) When the use of the existing asset will deprive the unit of cash 
planned to be realized by its sale. . 


When the value of existing assets employed /s included, the 
existing assets should be included at their fair value (as measured by 
market price, scrap value, or alternative use value), and the basis for 
arriving at the estimate should be fully documented. [Ref. 14: p. 49] 

e. Terminal/Residual Value 

In many instances, value can be imputed to an asset no 
longer in use. This value can be either terminal or residual. Terminal value 
is defined as the expected value of buildings, equipment, or other assets at 
the end of their economic lives and is treated as areduction in the life- 
cycle cost of the particular alternative for which the use of the asset is 
intended. Residual value is the computed value of assets at any point in 
time. Residual value may or may not coincide with terminal value. 
Terminal/residual value should be applied to existing assets replaced as 
well as new assets being acquired. Probably the most important criterion 
for determining the terminal/residual value is what will be done with the 
asset. The following situations explain this concept: (Ref. 9: pp. 3-6] 


(1) Scrap Value of an Asset If an asset is to be scrapped, then its only 
value is the scrap value less costs of dismantling and selling it. 


(2) Sale of an Asset. If it is sold, the item’s value will be the actual 
price of the item less costs of the sale. 


(3) Reutilization of an Asset. In this case, the asset’s value is 
determined by its worth in the market less costs attributed to 
redistribution. 
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(4) Continued use of an Asset. Often the need for a service will extend 
far into the future. When this occurs, the automatic replacement of 
assets and repeating cash flows will result in a repetitive cycle of 
expenditures. 


2. Recurring Costs 

This major cost category includes personnel costs, material 
consumed in use cost, operating costs, overhead costs, the cost of support 
services required on an annual basis, and any other recurring costs. 
Recurring costs occur more or less continuously throughout the life cycle of 
a project and may be incurred on a daily, monthly, quarterly, semiannual, or 
annual basis. These costs are determined depending on the Individual 
situation. For a present alternative, historical records provide a guide. For 
proposed alternatives, where no historical records exist, the analyst can 
rely on historical costs of similar types of equipment, as well as 
consultation with machinery and equipment manufacturers and other 
sources. 

5. sbikesCyclerGests. 

Economic analysis provides a tool for effective resource allocation 
only when all the resource implications associated with each alternative-- 
whether they be direct or indirect--are included. Therefore, life cycle 
costing must be employed. Life cycle cost in an economic analysis is the 
project's total cost incurred in research, development, production, 


operation, support, and where applicable, disposal. According to the U.S. 
Department of Defense: 


Life cycle cost means the sum of direct, indirect, recurring, non- 
recurring, and other related costs incurred, or estimated to be incurred, 
in the design, development, production, operation, maintenance, and 
support of a system over its anticipated useful span. [Ref. 16: p. 1 


Another way of looking at life-cycle cost is offered by William H. 


Boden: 
Life Cycle cost is the total cost of acquiring the product , establishin 
the necessary logistical base from which to deploy and use the product, 


and maintain the product in operable condition over some prescribed 
period of time. |[Ref. 17: p.5J 


4 Sunk Costs 
In this major cost category are those costs which Nave already been 
incurred or which have been irrevocably committed to a project. Since such 
costs are incurred regardless of which alternative is chosen, they are not 
considered in the decision-making process and are therefore disregarded in 
the economic analysis. Although sunk costs should not be included as part 
of the cost analysis, a narrative account of such cost is generally made to 
provide additional background information. (Ref. 8: p. 8] 
5. Qpportunity Costs 
Implicit in the discussion of relevant costs is the concept of 
alternative use. The alternative value is often referred to as the 
“opportunity cost” of employing the resources and can be described as those 
benefits given up because some alternative venture is foregone. One 
example to illustrate this concept would be the opportunity cost of money: 
$1 has an opportunity cost of $1 because when you spend it you give up 
the opportunity of ga Mas al else the market determines has a 


value of $1 or, from another viewpoint, it’s Decause the replacement cost 
of $1 is $1. (Ref. 18: p. 1 
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C OTHER COST CONSIDERATIONS 
1. Documentation of Costs 

There should be sufficient documentation of all cost data to enable 
those unfamiliar with the project to arrive at essentially the same basic 
conclusion as the decision-maker. A cost trail that permits validation of 
all costs should be available. Should someone in the reviewing process be 
unable to follow the computations and assumptions because of insufficient 
documentation, the review will be delayed while clarification is being 
obtained. Such delays might well result in the project being deferred or 
even disapproved. 

Certain basic principles should be used to document the cost 
estimate. If these principles are followed, the economic analysis will meet 
the test of being properly documented. The following elements should be 
covered in the documentation: 

® Cost method used 

® inclusion of all relevant costs 

® Inclusion of directly related support and training costs 

@ Exclusion of all sunk costs 

e Use of the most accurate sources of cost data available 

@ Identification of the sources of cost data 

@ Explanation of the method of arriving at the cost estimates 
2. Time Phasing of Costs and Benefits 

One of the more important aspects of an economic analysis is the 
proper time phasing of costs and benefits. If the costs are not properly 
time phased (by period), the discounted costs or savings will be either over- 


or understated. A project may involve a single investment expenditure as 
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soon as the project starts. This type of an investment cost does not require 
any discounting. But if the expenditure !s delayed for several montns, tnen 
the cost should be discounted. Any savings realized would be subject to 
discounting as well. For example, assume we are thinking of investing ina 
machine which will be installed in three weeks, and the machine will be 
paid for upon installation. This expenditure should not be discounted. 
However, if the expenditure will not occur until two or three months after 
installation, then the investment cost should be discounted in the economic 


analysis. [Ref. 15: p. 29] 
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VI. BASIC ECONOMIC ANALYSIS TECHNIQUES 


The techniques explained in this chapter relate to the fifth of the six 
fundamental steps in economic analysis, namely, the systematic comparison 
of costs and benefits. The notions developed will be primarily cost- 
oriented, because costs are almost always easily quantifiable in terms of 
dollars. However, these techniques are no less applicable to benefits that 


are expressible in terms of dollars. 


A. CASH FLOW DIAGRAMS 

The cash flow diagram is apictorial technique for representing the 
magnitude and timing of all costs associated with a given economic 
alternative. {t is necessary to draw acash flow diagram for each 
alternative being considered in an economic analysis. Figure 6-1] shows a 
generalized cash flow diagram with a typical pattern of life-cycle costs. 
The horizontal axis represents a time span. The choice of time unit is arbi- 
trary, but the scale is usually graduated in years. Costs are represented by 
vertical arrows whose lengths are proportional to the cost magnitudes and 
whose locations on the time line indicate when they occur. In Figure 6-1, 
the long arrow on the left (time zero) represents the acquisition or start-up 
costs, the shorter downward arrows (Years 1-10) represent costs incurred 
from year to year--for example, operating costs, maintenance costs, and 
isolated one-time costs. The upward arrow at the right (Year 10) 


represents the terminal or residual value of assets on hand at that time. 
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Figure 6-1. Cash Flow Diagram 


Because terminal value is to be netted against the total life cycle cost, 


it acts to offset other costs and is drawn upward. (Ref. 14: p. 12] 


B. ECONOMIC LIFE 

Implicit in the specification of the costs represented in Figure 6-1 is 
the period over which they are incurred. The 10-year time frame in that 
figure is referred to as the economic life of the alternative. The economic 
life will ultimately be governed by one of three factors: 


@ The mission life, or period over which a need for the asset or program is 
anticipated; 


e The physical life, or period over which the asset may be expected to last 
physically; 


e The technological life, or period before obsolescence will dictate 
replacement of the existing (or prospective) asset. 





The economic life will generally be the shortest of the mission, 
physical, or technological lives. The economic lives of the various possible 
project alternatives will govern the time period covered by the economic 


analysis. In general, the economic lives of all alternatives should be set so 
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that they start in the same years, and where possible, expend over the same 
period of time. (Ref. 14: p. 13) 


C. INTEREST AND PRESENT VALUE 
Money is a claim on productive commodities, and, as such, it commands a 
price for its use. This price is called interest. Interest is customarily 
expressed as a percent or decimal, representing the fractional amount of a 
loan the borrower must pay the lender within a specified interval of time, 
usually one year. Three concepts are important in calculating interest: 
Simple interest, compound interest, and net present value. 
lS Simplesintekest 
The amount of interest (1) is determined by multiplying the principal 
amount (P) by the rate of interest (i). This may be expressed as the simple 
interest formula: 
| = p*j 
2. Compound Interest 
The notion of compound interest is central to understanding the 
mathematics of finance. The term itself merely implies that interest paid 
on a loan or an investment is added to the principal. As aresult, interest is 
earned on interest. [Ref. 19: p. 14] It can be shown that if an amount P is 
lent today at an annual rate of interest i, the total amount repaid (F) to the 
lender at the end of n years is: 
Fn = PCI + i) 
5. Net Present Value 
The basic idea of net present value is simply to find the balance of 


the trade-off between investment outlays and future benefits, in terms of 
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time-adjusted present value dollars. [Ref. 20: p. 145] The net present value 
calculation is the last phase in a cost-benefit analysis. The net present 
value of the alternative must be compared against the expected costs or 
benefits; it must also be checked for sensitivity to various values that may 
be subject to change. The following basic principles explain calculation of 
net present value. [Ref. 8: p. 22) 

Essentially, the present value of $1.00 a year from now is $0.954, 
using 10 percent as the discount rate. A dollar two years hence is worth 
$0.847 at present, using 10 percent discount. Table 6-! provides 25 years’ 


of discounted values at 10 percent discount rate. 


Table 6-1. PRESENT VALUE OF $1.00, DISCOUNT=10 % 


Year Present Value Year 

Pe aeee...... 0.951 SAL eee. 0.276 
Co ee 0.954 | Saco O25) 
Se ation. 0.847 —— ————— 0.228 
S| cra 0.717 | asamp ees 0.208 
asda oss sts erect 0.652 Fons ee 0.189 
Spee 0.592 oe 0.172 
be 0.538 21 0 se EEE 0.156 
<I R 0.489 er ee ces Meee eae 0.142 
© coer 0.445 coca eae Samet 0.129 
| CE ae 0.405 LR i. Onl t7 
ag cas ERE Ce a 0.5368 0 ee 0.107 
We... es... 0.534 7S ose 0.097 
Di asia nccsints 0.306 


The simplest method for computing net present value is to multiply 
the costs of a given year times the corresponding discount factor listed in 
Table 6-1 (if 10 percent is being used) The net present value formula can be 


expressed as follows: 
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Present value of net benefits = Sum of the net 
benefits 
(net benefits = the benefits minus costs) 
each year over the project life 


In mathematical terms, NPV is expressed as follows: 


= + 


(1.1)! 
= + ...(etc.) 
(1.1)2 
Note: |.1 is the simplified discount factor for a discount rate of 10 


percent [(1+0.1)€ = (1.1)t], 

If all costs and benefits have been estimated correctly, then only 
the projects with positive net present values would be considered. 

The net present value concept presented here is only one way to 
view NPV. Earlier, the discount factor, (1 =0.1)& was applied to the net 
benefits (benefits minus costs) in each year. Instead of concentrating on 
net benefits, analysis could be based on the notion that at every level of 
resource used, there is one level of output. In other words, the analyst 
thinks in terms of the resources required to produce a specific level of 
output. If the resources are expressed as costs, then it is the costs 
required to produce a specific level of output. 

This implies that costs can be expressed as a function of output. 
That 1S, costs are dependent on the level of output and the detail of multiple 
inputs that are subsumed in the relationship of output to cost. This is 
called the cost function and is expressed as follows: 

Cost = F(Output) 
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If more than one output is expected, the formula is expanded to: 
Cost = F(QI, Q2, Q5,... , Qn) 
Using the cost function the same way that net benefits were used 
earlier, net present value of costs can be expressed as a function of output 


in the following way: 


F(Q;, Qo, Qz,...., Qn) Year | + 
(1.1)! 

F(Q;, Qo, Qz,...., Q,) Year 2 + (etc.) 
(1.1)4 


Essentially, these cost functions can be derived mathematically by 
using historical data of different output levels to arrive at an equation. 
Using this technique saves the trouble of researching all the cost details of 
the multiple inputs required in the net benefit approach. 

Which of the two methods to use in solving an decision problem 
depends on the nature of cost and benefits associated with each alternative. 
If all costs and benefits are expressed in dollars, and the benefits vary with 
each alternative, then the net benefit approach is best. If, on the other 
hand, benefits are not measurable in dollars and can be fixed at a specific 
level, then the approach to take is that of minimizing costs given that all 
the alternatives meet the minimum benefits. When a situation such as this 
occurs, a benefit/cost ratio for each alternative can be used to develop 


decision rules that identify the least cost alternative. [Ref. 8: p. 26] 


D. PAYBACK ANALYSIS 
Most simply defined, payback is the period of time required for a 
project’s total accumulated savings or benefits to offset investment costs. 


For example , if the analyst were to consider a project costing $100, 
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yielding savings of $25 annually, its undiscounted payback period would be 
four years. 

Notably, the economic implication of payback is not affected by the 
duration of the project's life. Tnus, the payback metnod can be used to 
establish priorities among competing projects. Projects with more rapid 
paybacks are usually pref erred. 

1. Limitations to Undiscounted Payback 

The foregoing example is not a true representation of payback, due 
to two important shortcomings. 

First, the 4-year payback represents an undiscounted cash flow. By 
failing to distinguish the timing of cash flows within a project payoff 
period, undiscounted payback ignore the important element of the time value 
of money. 

The second weakness of the example lies in its failure to address 
cash flows beyond a period necessary to recover initial investment costs. If 
Significant one-time costs are to occur after the estimated point of 
payback, the economic attractiveness of the proposed project will be 
overstated. Amore significant drawback to payback is that it fails to deal 
with the main reason one invests: that is, to get areturn of more than the 
original investment. 

2. Discounted Payback Method 

By incorporating a “time value” element and including all future cash 
flows, the concept can be modified to determine the “disounted payback” 
period. Thus, payback would be achieved when total accumulated present- 
value savings are sufficient to offset the total present-value costs of a 


proposed alternative. The payback period is simply the total elapsed time 
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between the point of initial investment and the point at which payback will 


occur. [Ref. 10: p. 14-2] 


E. SENSITIVITY ANALYSIS 

In various types of analytical studies, rather than merely settling for 
“expected values,” the analysts may vary the values of key uncertain 
parameters or assumptions over their relevant ranges. The purpose of these 
variations is to examine the impact they may have on final outcomes. This 
can be useful to decision-makers for many purposes. First, it may help in 
ranking alternatives. it can highlight which uncertainties are truly 
important and possibly merit further deliberation--for example, seeking 
ways to reduce or hedge against such uncertainties. 

A special case of sensitivity analysis is the so-called "break-even" 
analysis. Here, in the case of a key parameter about which we are uncertain, 
the analysts can calculate the value that must be assumed in order to 
change the ranking of the most important alternative under consideration. 
(Ref. 21: p. 3] 

Some of the elements which should be scrutinized and evaluated in 
sensitivity analysis are: 


e Cost Estimates--those major cost elements which when increased or 
decreased have a significant impact on the present-value cost. 


® Length of System Life--the effect of a shorter or longer system life. 
® Volume, Mix, or Pattern of Workload--variations in the estimated 


ome. mix, or pattern of workload which affect the present value of 
cost. 


® Requirements--the effects of potential changes in requirements 


resulting from either legislative mandate or changes in functional or 
organizational structure. 
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e Configuration of Equipment or software--the effects of changes in 
configuration of equipment, software, data communications, and other 
facilities. 


e Assumptions--the effects of alternative assumptions concerning 
requirements, operations, facilities, and software, etc. 


The basic procedure for sensitivity testing is fairly simple. The analyst 
should first select the factor to be tested, holding all parameters in the 
analysis constant except that factor. He should rework the analysis using 
different estimates for the factor under consideration. He should then 
check the results. If the ranking of alternatives is affected when the factor 
is changed, then the analysis is sensitive to that variable. Each key 
parameter should be tested individually to determine its effect on the 


analysis. [Ref. 8: p. 30} 


F. COST-ESTIMATING TECHNIQUES 

A really effective cost analysis capability cannot exist without 
systematic collection and storage of data and information on past, current, 
and projected programs. The data and information must be analyzed with a 
view to development of estimating relationships that may be used as a basis 
for determining the resource impact of future proposals. In the case of 
military systems, these relationships should ideally relate various 
Categories of resource impact to system physical, performance, and 
operational concept characteristics. 

A simple definition of an estimating relationship is: a statement of how 
one variable affects another. In reality, this might be expanded to a 
Statement of _how one or more variables affect one another. In certain 
instances, a Simple factor-type relationship may exist that can be 


expressed as a Single number. In estimating pay and allowances, for 
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example, a simple multiplier can be applied to the number of personne] to 
generate an estimate of their annual pay. On the other hand, estimating 
relationships can be considerably more complicated where there is intricate 
interplay between two or more variables and another, such as the 
relationship between aircraft speed and cost and the cost of depot 
maintenance for that aircraft. [Ref. 22: p. 44] 
1. nefi imating Relationshi 

There are, of course, many benefits that result from having 
available as many reliable estimating relationships as possible. First, 
naturally, is the fact that much time can be saved if, instead of having to 
derive a relationship requiring extensive research each time he is presented 
with a problem, the cost analyst can go to his file, select an appropriate 
relationship, and apply it. Having estimating relationships available ina 
formal sense--either mathematical or graphic--can be quite useful in 
performing ‘sensitivity analysis.” If the analyst states estimating 
relationships in mathematical form, he can often save some of the required 
iterations by making an analysis of the relationship itself. 

2. Methods 

Basically, the estimating techniques can be limited to three: the 
Industrial engineering approach, the statistical approach, and analogy. 
Estimating by industrial engineering procedures can be broadly defined as an 
examination of separate segments of work at a low level of detail anda 
synthesis of the many detailed estimates into a total. 

Statistical estimating is sometimes defined as a statistical 
extrapolation to produce an estimate-at-completion after progress has been 


made on a a job and costs or commitments have been experienced. In the 
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statistical approach, estimating relationships that use explanatory 
variables such as weight, speed, power, frequency, and thrust are relied on 
to predict cost at a higher level of aggregation. 

In situations where there are no qualified cost analysts and little 
historical data, the entire effort must consist of an application of 
judgment. A special method of judgment is the use of analogies. An analogy 
is a direct comparison with similar, historical systems/products. A major 
caution with this process is that it is essentially a judgment process, 
requiring a considerable amount of expertise and intuitive reasoning. [Ref. 
25. Ol 
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Vil. MEASURES OF EFFECTIVENESS) 


A. INTRODUCTION 

Cost-effectiveness analysis derives principally from work done in the 
U.S. Department of Defense during the 1960's. Many of the technical 
problems of developing military systems were analyzed within some 
framework of effectiveness and cost considerations. Benefit-to-cost 
analysis permitted specification of a model with more or less widespread 
recognition. However, there is no generally accepted model that can be 
designated as “the cost-effectiveness model.” 

Methodologically, cost-effectiveness analysis aims at the selection of 
one or more alternatives from a pool of possibilities, each of which has 


been designed to meet one or more objectives. Where the time dimension is 


the dominant or near dominant consideration in the benefit-cost approach, 
the cost-effectiveness approach ignores time as a structural component. 
Cost-effectiveness is a natural substitute for Denefit-cost analysis in 
those situations in which benefits are incommensurabie and/o 
inappropriate for dollar valuation. 
Cost effectiveness is usually applied from one of two perspectives 
[Ref. 24: p. 39]: 


e For a given level of Po Pie Searching for the alternative(s) that 
will minimize cost outlays 


e For a given jevel of cost outlay, searching for the alternative(s) that 
will maximize effectiveness. , 


Cost-effectiveness analysis is part of the general theory of maximizing 


Dehavior. It shares with the theory of the firm the problem of measuring 
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cost (the problem applies Doth to private-sector, profit-seeking and to 
public-sector entities). It shares with operations analysis the problem of 
choosing an appropriate measure of effectiveness. [Ref. 25: p. 17] 
|. Cost-Benefit Analysis | 
Cost-benefit analysis of a public investment should resemble the 
analysis of a profit-maximizing business firm; the most important 
differences between the two are in identification of the costs to be 
included and excluded and in the problem of measuring benefits. Under some 
circumstances, the measure of cost should be adjusted to reflect the 
difference between the opportunity cost and the market price of resources. 
2. Cost-Effectiveness Analysis 
Cost-effectiveness is specifically directed to problems in which the 
output Cannot be evaluated in market price, although the inputs can, and 
where the inputs are substitutable at exchange relationships developed in 
the market. Cost-effectiveness analysis is appropriate when: 


e There is no market evaluation of alternative outputs, as in a large 
portion of the defense sector. 


e The resource inputs can be appropriately evaluated at market prices. 


5. The Classical Theory of the Firm 
The classical theory of the firm represents the businessman as 
maximizing profits or, more specifically, as maximizing the differences 
between the discounted stream of revenues and the discounted stream of 
costs. Both revenue and costs are measured in monetary terms. From the 
point of view of the firm's objective, output is optimum when marginal 


revenue equals the marginal cost of producing that revenue. 
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4. Classical Operations Analysis 


Classical operations analysis, at the other end of the spectrum from 
the theory of the firm, Can be conducted entirely in physical and other non- 
monetary terms. It is addressed to a problem of maximizing effectiveness, 
Subject toaset specific resource constraints, measured in the amount of 
the several types of resources available. Operations analysis !s appropriate 
where there is no market evaluation of either input or output, as in the 
Scheduling of production with a given set of production resources, or in the 


choice of tactics for a given combat unit. [Ref. 25: p. 18] 


B. COST-EFFECTIVENESS MODEL 

The essence of the cost-effectiveness analysis ts to construct and 
operate within a model--that is, arepresentation that demonstrates how 
the important elements of a system interact in given situations. The model 
may take such forms as a mathematically based computer program, a war 
game simulation, or a set of questionnaires. 

The model introduces a precise structure and terminology that serve 
primarily as a means of communication, enabling analytical participants and 
users to review data and make judgments in a concrete context. 

Through feedback--the results of the computer's computation, the 
countermove in a war game, the responses to the questionnaires--the model 
allows decision-makers, analysts, and other experts who may be assisting 
to focus judgments earlier thn would be possible in real time, thus 
fostering a clearer understanding of the problem and its context. 

The central importance of the model can be appreciated most readily 


perhaps by viewing it inrelation to the other elements of analysis. Some 
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writers specify five altogether: objective(s), alternatives, costs, model(s), 
and effectiveness measurement criteria. Each of the five is present in 
every analysis of choice, although they may not always be explicitly 
identified (Ref. 26: p. 4] 
1. Th lective (or Objectiv 
Cost-effectiveness analysis is undertaken primarily to help choose 
a policy or course of action. One of the first and most important tasks of 
the analyst is to define what objectives the decision-maker is--or should 
be--trying to attain and how to measure the extent to which they are, in 
fact, attained. 
2. Ihe Alternatives 
The alternatives are the means by which the objectives can be 
attained. They need not be obvious substitutes for one another or perform 
the same specific function. 
5. The Costs 
The choice of a particular alternative for accomplishing the 
objectives implies that certain specific resources can no longer be used for 
other purposes. These foregone opportunities are the costs of that 
alternative. In analyses for a future time period, most costs can be 
measured in monetary terms, but their true measure is in terms of the 
opportunities that they preclude. 
4 AModel (or Models) 
A model is a simplified representation of the real world that 
abstracts the features of the situation relevant to the question being 


Studied. In cost-effectiveness analysis, the role of the model is to predict 
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the cost that each alternative would incur and the extent to which each 
alternative would assist tn attaining the objecttves. 
5. ACriterion 

The most widely used criteria for selecting the preferred 
alternative are usually based on either equal cost or equal effectiveness of 
the alternatives. When the equal cost form is applied, it is assumed that an 
arbitrary budget limit has been fixed, and the analysis determines which 
alternative gives the greatest effectiveness of that fixed level of 
expenditure. 

When the equal effectiveness form is used, a specified and 
measurable level of effectiveness (capability) is determined, and the 
analysis determines which alternative achieves this level of effectiveness 
at least cost. 

Another method known as incremental effectiveness at incremental 
costs is used in special cases. The incremental effectiveness at 
incremental cost method relates the increase in effectiveness achieved to 
the associated increase in resources required. 

Ultimately, the choice of a criterion for selecting the preferred 
alternative is the responsibility of the decision-maker. Therefore, the 
analyst presents the information on cost or effectiveness, as well as their 
incrementals, in terms meaningful to the decision-maker. 

Ideally, cost effectiveness analysis does not make decisions per Se. 
Rather, it provides the decision-maker with data to aid him in making better 
and more realistic decisions. The decisioin process remains the prerogative 
of those persons responsible and accountable for the planning and operation 


of each particular system. [Ref. 18: p. 2] 
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it is easy to exaggerate the degree of assistance that analysis can 
offer a policy-maker. In almost every case, competent cost-effectiveness 
analysis Can help a decision-maker understand the relevant alternatives and 
the key interactions by giving him an estimate of the costs, risks, and 
possible payoffs associated with each course of action. In so doing, it may 
sharpen his intuition; it will certainly broaden his basis for judgment. This 
almost always helps the decision-maker toward a more informed--and, 
hopefully, better--decision that he would otherwise be capable of. 
However, no amount of analysis, regardless of quality, can completely 
protect against the intrusion of such factors as the decision-makers 
personal value judgments, imprecise Knowledge of the situation, intuitive 
estimates of enemy intent, and similar defects. Inreality, this means that 
a Study can do little more than allow assessment of some of the 
implications of choosing one alternative over another. In practically no 
case will the analyst be able to demonstrate unequivocably that a particular 
decision is best. (Ref. 26: p. 7] 


C. MEASURES OF EFFECTIVENESS 

A measure of effectiveness (MOE) is a correlator, an estimator, or a 
predictor of true value of an alternative. When the true value is high, the 
measure of effectiveness gives a high score, and when the true value Is low, 
the measure of effectiveness gives a low score. However, the analyst 
cannot rely on this absolutely, because the MOE usually does not correlate or 
estimate or predict perfectly. 

The measures of effectiveness are used for a variety of purposes 


(Ref. 27: p. 85}: 
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e To find out how well an existing system works or to find out what an 
existing system 1S worth. 


@ To make an existing system work better the analyst exercises or trains 
with the system and tries to raise the score. 


e To design, select, and prepare to operate future systems so that they 
will work better. 


The MOE provides a numerical measure of a system performance based on 
this concept. The qualification of “numerical” is not absolutely essential. 
The measure of effectiveness usually can be implemented in a mathematical 
or computer model to extrapolate or predict performance. The measure of 
effectiveness evaluates or predicts aspects of performance relevant to 
operational issues, and it can be evaluated with available data. 

To be useful, a measure of effectiveness must have certain qualities. It 
should be operationally credible. It should relate clearly to some benefit. It 
should have some predictive value. It should be sensitive to factors known 
to influence the value. It should be measurable. The analyst must be able to 
determine it from available data. 

Finally, a good measure of effectiveness must complement some model 
(analytic, computational, or other) of how the system operates and interacts 
with the rest of the universe; otherwise the analyst cannot do anything with 
it. The output must be such that the people who are not operations analysts 


can use it to support decision-making. [Ref. 27: p. 86] 


D. PROBLEMS IN CHOOSING MEASURES OF EFFECTIVENESS 

The choice of these measures is the most difficult, unique problem of 
cost-effectiveness analysis. In choosing a measure of effectiveness, the 
analyst faces some general problems and others that are specific to 


particular applications. 
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One general problem is that real uncertainties always exist. The true 
value that the measure of effectiveness attempts measures cannot always 
be determined. Thus it may be impossible to define the value of a measure 
of effectiveness except by a probability distribution-contingent on events 
that have not yet happened. | 

In spite of the difficulties in finding useful measures of effectiveness, 
a great deal can be done. Substantial improvements in data gathering are 
possible. There are efforts, such as the movement to find social indicators, 
that may eventually provide better means for taking social factors into 
account. The first step, of course, is to decide what the analyst wants to 
measure. To do this, he must know the objective the analysis is to support. 
The essential mark of a good effectiveness measure is that it closely 


reflects the objective. [Ref. 13: p. 101.) 


E. CONCLUSION 

In military cost-effectiveness analysis, measures of effectiveness are 
at best reasonably satisfactory approximations for measuringthe degree to 
which various alternatives will achieve such vaguely defined objectives as 
deterrence or victory. Sometimes the best that can be done is fo find 
measures which point in the right direction. Deterrence is a prime example: 
it exists only in the mind, and.in the enemy's mind, at that. The analyst 
cannot, therefore, measure directly the effectiveness of alternatives he 
hopes will enhance deterrence; he must use instead such surrogates as the 
potential mortalities an alternative might inflict, or the estimated square 


footage of roof cover it might destroy. 
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Moreover, one cannot be as confident about the accuracy of effective- 
ness estimates as tne accuracy of cost estimates. An error in measurement 
of effectiveness may not be too important in the comparison of systems 
that are not radically dissimilar--say, two ground-attack aircraft. How- 
ever, at higher levels of optimization--such as tanks versus aircraft or 
missiles--gross differences in system effectiveness may be obscured by 


gross differences in the quality of damage assessment. [Ref. 26: p. 11] 
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Vill. CONCLUSIONS 


Economic analysis concepts and techniques apply to all echelons of 
operations in forming a solid foundation for decision-making. The process 
of economic analysis can provide vital documentation of the alternatives in 
supporting cost-effective decisions (though not necessarily the least priced 
with respect to total money). 

This thesis has described the mechanics of performing an economic 
analysis. The author recognizes that the guidance stating that the level of 
effort for an economic analysis study should be commensurate with cost of 
the analysis will naturally allow a wide variance of application, and non- 
uniform application of economic analysis. Nonetheless, the author contends 
that the Venezuelan Navy stands to benefit from initiating a policy of 
applying economic analysis. Specifically, the Venezualan Navy should 
undertake the policy modifications necessary to fulfill the following broad 
goals: 


e To insure application of economic analyses in decisions involving the 
consumption of scarce monetary resources. 


e To develop uniform requirements for conducting economic analysis for 
all activities and appropriations. 


@ To determine a minimum documentation requirement regarding format 
and detail for every economic analysis. 


e To use the guidelines in this thesis to develop further research in 
economic analysis for specific activities such as automated data 
processing, facilities, education, training programs, etc. 

Implementing the philosophy presented in this thesis implies that some 


change has to be made in the procurement criteria and the resource 


TZ 


allocation process currently in practice within the Venezuelan Navy. 
Acknowledging the difficulties of tmposing change on any long-standing 
system, the author contends that the benefits to be garnered from economic 
analysis will far outweigh the costs and ensure that scarce public resources 


are put to better use. 
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APPENDIX A 
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This appendix presents a specific application of the concepts presented 
in the main body of this thesis. Extracted from the work of Hitch and 
McKean [Ref. 28: pp. 133-158], this application will illustrate how the fun- 
damentals of economic analysis can be used inreal-world military situa- 
tions. The appendix is presented in two parts: a specific case in which 
economic analysis if appropriate, followed by application of the analytical 
techniques of economic analysis to the problem presented in the example. 
Linear programming was selected as the primary tool of quantitative 


analysis. 


A. THE PROBLEM 

The analysis presented is areal problem of military choice. Itisa 
problem of procurement or force composition--that of choosing in 195X an 
intercontinental military air transport fleet for the decade 1958-1967. To 
focus attention on method rather than substance, the alternatives policies 
are hypothetical. The assumed characteristics of the aircraft under 
consideration, such as payloads and ranges, do not correspond to those of 
existing transports. The planes cannot be labeled “turbo props” or 
“turbojets”; they are arbitrarily designated as hypothetical alternatives, to 


illustrate the principles and possibilities of systematic analysis. 
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However, the context Is sufficiently realistic and detailed to illustrate 
the range of complexities, and calculations have been carried out to the 
greatest extent to complete the illustration. | 

Attention is focused on the following question: If the United States has 
an intercontinental airlift capability, what is the most efficient fleet for 


the mission? 


B. ELEMENTS OF ANALYSIS 
| The Missi Nb iecti 

The assumed mission comprises two tasks: routine worldwide 
resupply of U.S. Military bases at al] times, and deployment in the event of a 
peripheral war. These tasks, while specified in considerable detail, are 
intended to be representative airlift missions. Both are stated in terms of 
cargo and passenger tonnages to be delivered via 20 “channels.” A channel is 
specified by an origin and one or two overseas destinations. To allow for 
changes in routine air resupply needs and in the availability of various 
aircraft, the 10-year period studied was divided into Period | (four years, 
1958-61, inclusive) and Period II (six years, 1962-67, inclusive). 

The magnitude of the deployment task is assumed to remain un- 
changed throughout the 10 years. The magnitude of the routine resupply 
mission is assumed to increase from about two and on-half times 1954 
levels in Period | to about five time 1954 levels in Period II. This assump- 
tion of rapid growth in traffic seems justified by trends observed in the 
past 10 years. 

The representative deployment task consists of the movement to 
Bhangdhad, a hypothetical city in the Far East, of one infantry division 
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(combat echelon) from Travis Air Force Base, California, one fighter-bomber 
wing from Travis, and two fighter-bomber wings from Tokyo. In addition, 
one week's supply of fuel and ammunition for the fighter-bomber wings is to 
be brought in from Manila. This airlift is to be accomplished in 10 days. 
2. Ihe Alternative Means 

The aircraft considered for the transport fleet were limited, for 
present purposes, to four: the C-97 (the currently used piston-engined 
aircraft), the NC-400 (HC standing for “Hypothetical Cargo” aircraft), the 
HC-500, and the HC-600. The last three aircraft are turbine-engined 
aircraft, and the higher the “HC-number,” the larger the size of the aircraft. 
Perhaps the best way to summarize the physical characteristics of these 
aircraft is to show their respective “payload-range” curves, which picture 
the combinations of cargo and range that are feasible in each aircraft (see 
Figure A-!). These curves play a major role in the calculation of results. 

some of these aircraft are supposed to be on hand, while others are 
presumed to be procurable within specified production limits. Table A-| 
gives initial inventories and the possibilities of procurement in each of the 


two periods. 
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Paylead (tons) 


Paylead (teas) 





C-97 
(cruise speed 212 kts) 


Reage (thousands of n mi) 


HC-400 
(cruise speed 320 kts) 


HC-600 
(cruise speed 
320 kts) 





Range (thousands of na mi) 


Figure A-1!. Payload-Range Curves 
of the Alternative Aircraft 


fil 


TABLE A-1. AIRCRAFT AVAILABLE 
(ILLUSTRATIVE ANALYSIS) 


Maximum number procurapble 
Initial Period | Period tI 
Aircraft Type inventory 1958-1961 1962-1968 
C-97 (and equivalent 400 0 200 
HC-400 100 400 700 
HC-500 0 50 100 
HC-600 O 0 \Ze 


Since the problem pertains to a series of points in time, simplified 
here to two time periods, the alternatives are not just fleets, but fleet 
sequences. That is, what the analysis seeks is not actually an optimum 
fleet but rather the best Period {-Period I! sequence of fleets. 

De) ne Geshs 

The costs that this example present are the additional system costs 
attributable to each fleet sequence. It is assumed that six hours of flying 
per aircraft per day is necessary, expandable to ten hours should the 
occasion warrant. Hence, in determining fleet costs over the !O=year 
period, it includes the operating costs of the ten years of 6-hours/day 
“practice™ flying. 

There are considered to be four main cost components: procurement, 
installation and training, attrition, and annual operations. 

The procurement cost of an aircraft includes both the cost of the 
airframe and an initial outlay for spare parts. 

Installations and training costs, like procurement costs, are initial, 


rather than annually recurring costs. The purchase of one particular vehicle 
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for the fleet requires an outlay for building--kitchens, ground-handling 
equipment, and so on--and for the training of crews and maintenance 
personnel. | 

Attrition costs result from peacetime “practice” flying operations. 
They differ, for present purposes, from other annual operating costs in that 
they must be paid for by the purchase of replacement aircraft, the cost of 
which, as indicated above, depends on the total number procured. 

Annual operating cost is the most easily dealt with of the four cost 
components. This cost category is almost directly proportional to the level 
of the peacetime “practice” flying-hour program and includes such items as 
wages, fuel, and maintenance. 

4. Ihe Criterion 

The principal criterion in choosing an alternative will be minimum 
cost over the years 1958-1967 to maintain the specified airlift capability. 
The system demonstrating the potential for achieving the objective at the 
lowest cost will be regarded as the “best” system. 

>. Ihe Model and the Procedure 

The models comprise the relationships that enable the analyst to 
estimate the cost and effectiveness of alternative fleets. The technique for 
finding the least-cost fleet consist of seeking points of tangency between 
exchange curves and output-isoquants. In other words, the models show how 
‘the transport aircraft can be traded for each other while holding total cost 
constant, and how they can be substituted for each other while keeping the 
quantity of output constant. The ratio of two aircrafts’ marginal costs 


shows how they can be traded for each other while holding total cost 
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constant. The ratio of the aircrafts’ productivities over each channel shows 
how they can be substituted while keeping the quantity of output constant. 
Knowing the effects of trading one aircraft for another makes it possible to 
exchange them until the analysis indicates the least-cost combination that 
will accomplish the objective. | 

6. Results and Conclusions 

The results are presented in Table A-2. The fleet entailing the 

lowest costs, which may be called “basic least-cost,” employs al] three of 
the new aircraft in Period |! (when the HC-600 becomes available). The 
C-97's are projected to be retired at the end of Period !. Least-cost fleets 


with certain planes excluded were also calculated. 
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TABLE A-2. COST AND COMPOSITION OF 
ALTERNATIVE FLEETS, PERIODS | AND II 





Least-cost 
Least-cost Least-cost excluding 
Basic excluding excluding HC-500, Least 
least-cost | HC-600 HC-300 HC-600 procurement 
(numbers | I | 1 | I | [| | I 
C-97 103 Q 0 60 309 «=O O O 400 472 
HC-400 151 15! 229 229 161 161 399 486 103. 103 
HC-500 50 Yo5 50 78 oe a 8 8 
HC-600 -- 53 - ec os -- 113 -- -- == QO 


Cost (millions 
of 1956 
dollars) $3,986 $4,039 $4295 $4587 $5,129 


The results in Table A-2 are more sensitive to the employment of 
the HC-500, for its elimination increases the cost of carrying out the 
mission by about $300 million. Eliminating both of these aircraft raises the 
expected cost by about $600 million. 

The most striking result, however, is the marked inefficiency that 
would result from adopting a “least procurement” policy--that Is, a policy 
of buying no more new aircraft than would be necessary to carry out the 
task. The operating costs of the C-97 are sufficient to make this a very 
expensive choice (over $1 billion above the least-cost fleet). In this 
Instance, as in many others, it is not economically prudent to “make do” 
with old equipment. Economizing does not mean minimizing cast outlays in 


the current time period! 


C. LINEAR PROGRAMMING APPLICATION 

The foregoing problem was applied against a linear programming model. 
The input data are shown in Tables A-3 through A-5. 

In formulating the linear programming model, the following formulae 


were used: 
abiecti sunken 

= Cty Xeyy = K (min) 

th} 

where: 
K = cost 
Crys period t cost of a j aircraft 
Xtjj = Number of j aircraft on channel i in period t 


L See 


@ 2 aegy Ati 2 Oey 
J 


where: 
At ji = Productivity coefficient 


Dey = Cons required 
® > Xt jf £Mej 
a 


where: 


n= none available 
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TABLE A-3. TEN-DAY CARGO AND PASSENGER 
REQUIREMENTS BY CHANNEL (INCLUDING ROUTINE 
RESUPPLY, WARTIME DEPLOYMENT, AND WARTIME 


RESUPPLY 
Channels Passenger tons Cargo tons 
01 ai = 
03 25 = 
05 a0) 80 
07 22 D1 
09 29 82 
1] oil 72 
13 45 88 
IS = aa 
17 SiS // 93] 
19 =e = 
21 oe 2a 
23 ee 185 
7a aT 26 
Ze] 44 95 
29 10 36 
31 eZ 203 
55 74 342 
55 45 88 
57 = as 
39 = == 
4] 26 127 
43 938 1,156 
45 74 179 
47 7 499 
97 200 | 000 
29 1,600 4,000 
6] 7a 20,000 


a Channels 01-47 are for routine resupply. The requirements for Channels 57-61 are for the tactical 
deployment in the event of peripheral war. 


b Nine passengers to a ton. The tonnages listed (for both passengers and cargo) are hypothetical. 
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TABLE A-4. AIRCRAFT PRODUCTIVITIES BY 
CHANNEL (TONS PER FLYING HOUR) 


Channel Cargo | ' Passengers 
C-97 HC-400 HC-500 HC-600 | C-97 HC-400 HC-500 HC-600 
>. 1557 eS 47 So 9.130 | 957 1.202 3.946 3.550 
7 404 1.207 2.161 3.160 | “S6s5eeeaea 1.603 1.390 
9 .700 1.481 2.922 4125 | S00 eRe ZO 1.895 
1) 2114 3.365 7.9968 14083 | 1513 1.854 5909 5.475 
1D) leo omNeZ,/ | 2.649 3.540 | .451 980 1.964 |. 7 
17 .274 = 1559 leo 1544 | 217 279 1.122 824 
19 340 728 O . 0 i E2Aa ae oie 0 
ZS (1 V2e° Ned Oo nee oy 4417 | “509 653 2208 1.928 
29 1.015 2598 4139 7000 | .726 922 3.069 ~)2iaae 
27 NOOO) 2506 4088 6912 | 717 4.910 ©3052 Ztam 
29 3.324 ~~ B11 1.292 Z.2V\ | S25 23) 938 860 
31 1.146 2896 4.627 7.665 | Beis wiOs5 3.432 3.057 
$3. .662. 1.355 ©2772 3.72) | §e4ye 606 Betas 1.796 
35 1.055 2360 4288 6633 | .755 956 3380 §2z@ 
41 ./90 1.84 3.275 5.025 | 565 722 2429 ane 
aS. E272 9750 Foa91 2149 | Y266> fess 1.180 1.045 
45 219 467 959 1503 | (l64>-08710 ae 622 
47 1.208 3.094 4642 8.123 | .864 1.069 3.442 3.158 
57 6.494 968 2015 2594 | 353 £.448 1.494 1.324 
So BIS 82556 B40 959 | .138 .176 ley) 328 
61 1604 2.135 ape) pe, 5.720 | .780 .988 3.279 2.919 
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WAseere > 6 COo) GORFFIEENI 5--COSTS PER 
ADDITIONAL AIRPLANE 


(MILLIONS OF 1956 DOLLARS) 


Leriod [ 
Operating Cost Coefficient 
Initial Cost Coefficient 
Total** 


Operating Cost Coefficient 
Initial Cost Coefficient 
Total** 
Grand Total** 
Initial Outlay for Production 





ca 


0 


HC- 400 


Sig: 
| Ae, 
4.33 


4.70 
1.80 
6.50 

10.83 
0 


Sales 
3.00 
alee 


[220 
4.50 

16.70 

Zo 
0 


Hes200 8 Tie -600% 


YZ 
2.68 
9.80 


10.68 
4.02 

14.70 

2450 
0 


* For purposes of comparison, the HC-600 coefficients are given in Period 
| even though the aircraft is not available in this period. 


** The reasons for summing these coefficients, and the conditions under 
which they can properly be summed, are explained in the section on 


“Optimizing Procedure.” 


@ 2X ~ Xa 0 


where: 
j = 2(HC- 400), 3(NC-500); can't use more int = | 


@ Xt4;20 (nonnegativity requirement) 


C. SOLUTION 


The model was run by computer; the results of the program appear on the 


following pages. 
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LINEAR PROGRAMING SOLUTION 
.DATA ANALYSIS. 


ieOR JECT IVE FUNCTION: 

GUSH DATA GIVEN. CREF 27 P 158) 

$ 3.69 MILLION FOR THE C-97 IN PERIOD I 
5.34 MILLION FOR THE HC-400 IN PERIOD I 
12.80 MILLION FOR THE HC-500 IN PERIOD I 
eos LON ROR THE €-97 IN PERIOD II 
5.49 MILLION FOR THE HC-400 IN PERIOD II 
ioe O MILL TON FOR THE H€-500 IN PERIOD I! 
ion 7O0 WIELION FOR THE HE-600 IN PERTOD If 


AGGREGATION OF CHANNELS 
THE ORIGINALS 39 CHANNELS WERE AGGREGATED IN 12 CHANNELS 
AS INDICATED IN THE FOLLOWING TABLE.CL,M,P, PASSENGERS CH.) 


CHANNEL ORIGINAL TONS NEW CHANNEL TONS 
A 57 1000 1000 
B 59 4000 4000 
Ee 61 20000 20000 
D G7 499 

i ve 

29 36 

Si 205 

27, 95 

Zo 26 

5 80 1011 
Ee 9 82 

13s 88 

G5 179 349 

55 342 

43 PSG 1498 
G Zo a5 

Gl 127 

55 83 400 
H 17 532 551 
K 7 51 51 
L La Suk 

G7 T17 148 
M 17 5577 557 
P others passengers channels 2807 


DECISION VARIABLES 


POR Cip sie xs. ss eas »X12 = PERIOD I A/C C-97,CHANNELS A-P. 
SL ae »X24 Sper loD tt aZ7G C-97 ,CHANNELS A=P. 
Meds X26 > 0 << + eee »X356 = PERIOD I A/C HC-400,CHANNELS A-P. 
PONG 4 ciciis ss + 0 X48 = PERIOD II A/C HC-400,CHANNELS A-P. 
Oe PGs |) Iara X60 SePERIOD £ AZ€ HC-500,CHANNELS A-P. 
eM NOC psa. o ch eieretene pS rs ="PeRlODeriea7 Gc nC-=500, CHANNELS AP. 
SST a a reer r,X84 = PERIOD [I A/C HC~-600,CHANNELS A-P. 


2. CONSTRAINTS 
PRODUCTIVITY COEFF. VS TONS REQUIRED. 
PRODUCTIVITY COEFF = TOTAL TONS IN THE AGGREGATED CHANNELS 
CA-P) OVER THE NUMBER OF A/C REQUIRED IN THE SAME CHANNELS 
THE INFORMATION IS SHOWN IN THE FOLLOWING TABLE. 


PRODUCTIVITY NS Cree. our it) 


CHANNEL CaF, ne= HC~500 HC-600 
A 49 =0 57-05 200.00 256.41 
B 13.43 Sco. 84.03 95.92 
C 160.38 213.45 558.66 Sc ia¢5 
D POD 69 280.853 9359.05 7 Li TeO9 
E ae Sil 68.45 9 o0 Se 
iF 41.338 84.16 176.24 251 348 
G 80.00 Fetesc LOTR) eS 500.00 


H Zio poses [ola LS@ 
K 51.00 ed 2 30 255200 255 
lk S230 NAS 2, 370.9090 370 
M ad ats, If Fal 5 111.49 81 
Pp lie Fafa ea 80.20 67 

PRODUCTIVITY COEFFICIENTS CPEXtO Dire 
A 49.590 9705 200.00 256 
B S19 Soar 84.03 ele 
C 160.38 2154s 210406 eye 
D ples A>) 140.42 Palio ahs 374 
ss 16.08 34.22 69.30 96 
F 20.66 42.08 88.12 ine 
G 39.690 88.389 166.67 250 
H Loe o9 (ah fe, i 26 76 
K 24.29 OS 73 102.900 170 
L 47.74 2 eren) 125. 00 164 
M 1Oeo 13.96 3620 4] 
p 14.64% go maney Cee ya | Bhs, 

A/C AVAILABLE 

THE DATA I35 CONTEN IN TABLE A-1 SECT EGHSS 


A/C PROCUREMENT 
THE DATA IS GIVEN 


Bi. 


SOLUTION 


OBJECTIVE FUNCTION 
S2,09%) *35,6 9x2 


+ 


+ 


minuw uN WH FH Th ON OG 


~- Ye ee PE 
nO WwW BW fo PP 


14. 
14. 


"oxo 
.8x56 
4 xo) 
7x66 
ile ia 
7x76 
7x81 


+ 


+ 


+ 


+ 


+ 


CONSTRAINTS 


49.50x1 


5696 +°3.569%7 + 
SOoxL I toa: 
-54x16 
~54x21 
- 39x26 
. 34x31] 
- 34x36 
49x41] 
-49x46 


69x12 


~54x17 
-54x22 
~ 34x27 
~34x32 
- 49x37 
~49xG2 
~ 49x47 


8x52 
8x57 
BV i> dele 
od KOT 
Sexe 
PELE 
-1xo2 


EN THe. EXAMPLE. 


IN 


+ 3.693 + .3.69X9 ocd <5 


5. 
+ 
+ 
+ 
- 


+ 


8x53 
8x58 
7x63 
1x68 
TTS 
7x78 
27x32 


+ 5. 
+ 5 
+ 5 
+ 5 
+ 5. 
+ 5 
+ 5 
+ 12 
+ 12 
+ 16 
16 


14 


+ 


38 


ae 


14. 
14. 


69x83 + 3.69x9 tee 
-54x13 
- 54x18 
-54x23 
- 34x28 
- 34x33 
- 49x38 
-49x43 
-49x48 


54x14 


~54x19 
~54x24 
~- 34x29 


34x34 


~-49x39 
49x44 


~8x49 
8x54 
8x59 
. 7x64 
Heda: 
7x74 
1x79 
7x34 


PRODUCTIVITY COEFFICIENTS CONSTRAINT 
+ 97.05x25 + 200x49 >= 1000 


69x10 
* 5.54x15 
#5 .54x20 


+ 


+ 


+ 


+ 


5 
5 
a 
5 
5 
LZ 
WZ 


Nase 


16 
16 


14. 
14. 


(24) 


~ 34x25 
- 34x30 


34x35 


-49x40 
-49x45 


~6x30 
.8x55 
8x6 0 
7x65 
ser 0 
7x75 
7x80 


THIS APPENDIX 


4000 
20000 


84.0350 >= 
+ 558.66x5l 
+ 439.57x52 >= 1011 


V3 19eeet 35.381xc6 + 
160.38x3 + 213.45x27 
109.89x4 + 280.83x28 
32.31x5 + 638.43x29 + 139.60x53 >= 35949 
41.38x6 + 84.16x30 + 176.24x54 >= 1498 
Boxe 151,.82x3l + 333°7353x55 >= 400 
Peseton + 29.69xX52 Ff Lol .71x56 >= S531 
Exo chee? . 50x3S5 + 255x57 >= 51 


>= 


92.50x10 + 113.85x34 + 370x58 >= 148 

@imranockn + 27.85x35 + 111).40x59 >= 557 

7 9exie + 22.82xK36 + 80.2x60 >= 2807 

49.50x13 + 97.05x37 + 200x61 + 256.41x73 >= 1000 
18.19x14¢ + 35.81x38 + 84.03x62 + 95.92x74% >= 4000 
160.38x15 + 213.45x39 + 558.66x63 + 571.43x75 >= 20000 
55.25x16 + 190.92x40 + 215.11x6% + 374.44x76 >= LOLI 
16.08x17 + 34.22«41 + 69.80x65 + 96.94x77 >= 349 
20.66x18 + 42.08x42 + 388.12x66 + 118.89x73 >= 1498 
39.60x19 + 88.89x43 + 166.67x67 + 250x79 >= 400 

foe oigxec0 + 27.95x44 + 75.86x68 + 76.96x80 >= 53] 
Za.cIxer + 65.75x95 + 102x669 + 170x81l >= 51 

G7 .74xK22 + 59.20x46 + 185x70 + 164.44x82 >= 148 
Homooxes + 13.96x97 + 56.26x71 + 41.25x835 >= 557 
14.64x24¢ + 18.62x48 + 65.27x72 + 55.69x84 >= 2807 


A/C AVAILABLE (7) 


xa = xc + 
MLS + 
Moc + 
x25 + 


Mootexo et Xora XS +t oxlOitaxl] + xl2 <= 400 
x14 + 
x23 + 
x26 + 


x15 + x16 + x17 + xl8 + x19 + x20 + x21 + 
x24 <= 600 


x27 + x28 + x29 + x30 + x31 + x32 


£ x33 
mor + 
x49 + 
x49 + 
cox 
x61 + 


+ x34 
x38 + 
x45 + 
ea) 
+ x58 
x62 + 


+ x35 
“O9-F 
x46 + 
Xolee 
#59 
x63 + 


Pas Ome x71 + x72 


+5 X56 
x40 + 
x47 + 
x52 + 
+ x60 


x69 + x66 + x67 + 
= 150 


<=500 


xG]l + xG2 + 
<= 1200 
x53 + x54 + 


x98 


<= 50 


39 


x93 


x25 


x68 


+ 


x56 


x69 


“x73 + x74 + x/5 + x76 + x77 + XX? Ome 


+ x80 + x8l + x82 + x83 + x84 <= 125 


A/C PROCUREMENT (2) 


x25 + x26 + x27 + x28 + x29 + xS0 tx S ieee 


+ x33 + x39 + x35 + x36 - x37 - x38 = K39 OO x40 
- x41 - x42 - xG3 - x4G - xG5 - xG6 - x47 - x48 <= 0 
x49 + x50 + x51 + x52 + x53 + x54 + x55 + x56 + x57 


+ x58 + x59 + x60 - x6l ~- x62 - x63 - x6% ~- x65 - x66 
- x67 - x68 - x69 ~- x70 - x71 - x72 <= OQ 


LP GCRTIMUM EOQUND “AT STecr ys 


OBJECTIVE FUNCTION VALUE 


1) 4260.13281 
VARIABLE VALUE REDUCED COST 
ik 0.0 0.965321 
Me 0.0 0.976477 
mS 103.506485 0.0 
XG 0.0 1.599643 
x5 0.0 1.167706 
X6 0.0 1.063422 
M7 0.0 1.339534 
xs 0.0 1.371090 
X9 0.0 1.553191 
X10 0.0 0.476609 
out 0.0 1.182920 
il 0.0 0.316625 
is 0.0 5.540000 
X14 0.0 2.15255 
X15 0.0 1.416498 
X16 0.0 3.330633 
oly 0.0 3.101628 
X13 0.0 2.985523 
X19 0.0 5 clean 
X20 0.0 2.925097 
oa 0.0 3.448976 
xe 0.0 1.272519 
25 0.0 2.332278 
X24 0.0 1.794208 
X25 10.303967 0.0 
X26 111.700638 0.0 
eu 0.0 0.430996 
X23 3.600044 0.0 
X29 5.100102 0.0 
X30 17 .799423 0.0 
X31 2.199978 0.0 
Mee 0.0 0.606768 
X33 0.400000 0.0 
X34 0.0 1.386946 
X35 0.0 2.119956 
X36 0.0 1.684627 
X37 0.0 5.487977 
X38 49.405579 0.0 
X39 93.693746 0.0 
X40 7.199829 0.0 
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C. RESULTS AND CONCLUSIONS 
THE RESULTS ane PRESENTED She FOLLOWING TABLE 


Let 
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HC-400 eagl pep 
hess 50 oe 
HC-600 a 50 


COST: 4260 . CMIECLIONS OF DOBEARS? 

THESE RESULTS CONFIRM THE RESULTS OBITAENEDS I NeSeer i Ghies 
OF THIS APPENDIX, THE DIFFERENCE IN COST ls eeaue epee 
TAKING DIFERENT COST DATA AS SPECIFIED THe PAGER eae or 
THE REFERENCE. 


REFERENCES 


Hopkins, John, Ihe Economic Development of Venezuela, The John 
Hopkins Press, Baltimore, MD, 1966. | 


Allen, _oring, ) eleoe 
Analysis, JAI Press, 1977. 


Blusstein, Howard, Area Handbook For Venezuela, U.S. Government 
Printing Office, Washington, DC, 1977. 


Congreso de Venezuela, ifuci | 
itorias, Gaceta Oficial no. 662, Caracas, 
Venezuela, Enero 23, 1961. 


Armada de Venezuela Directiva General, 
Annual, Dir-PR-664-001, Caracas, Venezuela, October 1978. 


aL YG de la okie de Mic Directiva NO DMD- ane RLS We 
ne AMC AL 2 HuINoOsS ge Veen 


OSS ESw EE aoe Venezuela: unio 1975. 
Armada de yee Directiva General, Proceso de Adquisicion, 


a Caracas, 
Venezuela, Abril 15, 1985. 


Gardner, P. J., Handrop, R. S., and Nichols, C. T., 
ADP, Thesis, Naval Postgraduate School, Monterey, California, 
September 1984. 


Zimmerman, Denise, , Naval 
Data Automation Command, Pub. 15 7000, March 1980. 


U.S. Department of Defense, Economic Analysis, Defense Logistics, 
DCAM 7041.1, May 1985. 


U.S. Department of Defense, Economic Analysis and Program 
Fvaluation for Resource Management, DOD! 7000.14B, October 1972. 


Jpey Department of Defense, A need for Uniform Application of 
O83. Defense Logistic Agency, LD SS305A, September 


Quade, E.S loans, 2nd ed., Elsevier Science 
Publishing Co., Inc., 1982. 


93 


22. 


v0) 


24. 


ZS. 


26. 


27. 


28. 


U.S. Department of Defense, Economic Analysis Handbook, Defense 
Technical Information Center, AD Al 40322, July 1980. 


U.S. Department of Defense, Economic Analysis Handbook, Defense 
Logistic Agency, LD 61516A, June 1984, 


U.S. Department of Defense, Major system Acquisitions, DOD! 5000.1, 
March 19, 1980. 


Boden, William, H., ., Defense 
Management Journal, jen 1976. 


Horton, F., MN 4145, graduate-level course, Policy Analysis, course 
notes., Naval rae school, Monterey, California, 1985. 


Van Norne, James C., , olxth Edition, 
Prentice-Hall, Inc. Veale Cliffs, NU, 1968. 


Helfert, Erich A, Techniques of Financial Analysis, oth ed., Richard D. 


Irwin, Inc., 1982. 


Fisher, G.H., [he Nature of Uncertainty, a paper presented at the US. 

Department Defense symposium on Cost Research, Airlie, Virginia, 

Aatbdeai sponsored by The Rand Corporation, Santa Monica, 
alifornia. 


Petruschell, R. L., ips, 
The Rand Corporation, RM-3215-PR, June 1962. 


Batchelder, C.A, Boren, H. E., Campbell, H. g., Dei Rossi, J. A,and 
Large, J. P., , The Rand 
Corporation, RM-6103-51, December 1969. 


Temkin, Sanford, iia Sense of Benefit Cost Analysis,” Improving 
Human Performance 4. 






Niskanen, Willfam A., Measures of Effectiveness, Washington 
Operations Research Council, Cost Effectiveness Analysis, Edited by 
Thomas A., Godman, Frederick A., Praeger, Publishers, 1967. 


Quade, E. 5., Cosf-Frfectiveness Analysis, Washington Operations 
Research Council, Thomas A. Goldman, ed., Frederic A, Praeger, 1967. 


Raisbeck, Gordon, “How the Choice of Measures of Effectiveness 
Constrains Operational Analysis,” interfaces, v. 9, No. 4, August 1979. 


Hitch, Charles J. and McKean, Roland N., The Economics of Defense in 
the Nuclear Age, The Rand Corporation, 1978. 


94 


BIBLIOGRAPHY 


Colmenares, Carlos, ee ee ete 
the Venezuelan and US. Navies, Master's Thesis, Naval Postgraduate 


School, Monterey, California, December 1979. 


Fisher, Gene, Cost Considerations in Systems Analysis, The Rand 
Corporation, 1974. 


Leon, Jose, eg re Monte cy. Coifoee a 
Master's Thesis, Naval Postgraduate Schoo!, Monterey, California, June 


1982. 


Bolas, Jose G. eee LL) bycle Cost. 


n Weapon ems Acqui on fo 
Master S Thesis, Naval Postgraduate School, Monterey, California, 
December 1982. 


Shadah, Alberto, Organization f Ha lopment: An Aporoz abt Achieving 


Desired Organiza an Master's 
Thesis, Naval Postgraduate School, Monterey. California June 1982. 


95 


INITIAL DISTRIBUTION LIST 


No. Copies 
1. Defense Technical Information Center b 2 
Cameron Station 
Alexandria, Virginia 22314-6145 


Yi, Defense Logistics Studies Information Center 2 
U.S. Army Logistic Management Center 
For Lee, Virginia 23801 


ay Department Chairman, Code 54 | 
Department of Administrative Sciences 
Monterey, California 93943 


4 Professor Fenn Horton, Code S4Hn | 
Department of Administrative Sciences 
Naval Postgraduate School 
Monterey, California 93943 


D: Professor Leslie Darbyshire, Code 54Da | 
Department of Administrative Sciences 
Naval Postgraduate School 
Monterey, California 93943 


6. The Naval Attache 
Embassy of Venezuela 
2409 California Street, NW 
Washington, DC 30008 


7h VA Andres Brito Martinez lia 
Corandancia General de la Armada 
Caracas 1010 
Venezuela, South America 


* Via Office of the Naval Attache 
Embassy of Venezuela 
2409 California Street, NW 
Washington, DC 30008 


96 


VA Alejandro Lander Landaeta 
Comandancia General de la Armada 
Caracas 1010 Venezuela, South America 


CA German Rodriguez CitrarO 
Comandancia General de la Armada 
Caracas 1010 Venezuela, South America 


CA Cipriano Salazar Aquino 
Comandancia General de la Armada 
Caracas 1010 Venezuela, South America 


Jefatura de Educacion | 
Comandancia General de la Armada 
Caracas 1010 Venezuela, South America 


CF Marco Jimenez Ferrer 
Comandancia Gener.3! de la Armada 
Caracas 1010 Venezuela, South America 


CDR Kristin G. Hinds, USNR 

Office of the Chief of Naval Operations (OP-09R4) 
Department of the Navy 

Washington, DC 20350 


CN Mario Yanez 
8800 N.W. 15th Street 
Miami, Florida 33172 


Library, Code 0142 


Naval Postgraduate School 
Monterey, California 93943-5000 


97 


|* 


| * 














ral a 


MONTERLY, GA! 


pe) 


ru 


D = oere Ss oe . a 
Sat Bob Rototss fB- SO8 GB. O80 Aohey nit S59L® Ack B84 oe @ 
Mal pan weib-b behrt © Su$ 8. 6 Sp ST Pere wre cerry kitty 
Madly G8. GS1K. BM MB cd oh pBeds S$. bodeta oH .d2% £ AM ry s be Soh 
LG MARY GP 58 8 F BSp Bi tr thas O6bidb #286 4. 4 
>. 44.3 9 AP B-058 a4 
Pe nb Ps nBney Ube ST Gebrg dent OO op hah Ok bh PRE bef Dae. o- 
ABD DO PM 0M tood aM t 8 Leg bod, Cid bpd Mak An 9 Nh eM ohh , 
86 ch hba> QE Ded 6-4 GF 4) Heb S048 cbot @ehuhor h O'R) bt > 4 40:62 
AR Net Rete AOE Ms tf olteT Orbs Di dn Ooh ohh fg rke te A Oh Sad cP 
SA ebckee BOS OcS eid SINT Ab SASK DS teh Bd Sth sf OFAN 
iE Pt ORO oP (OLD PEm Peereer ar tet ar Ce Btn oh ost 038d hte Sh A oho oft ob 
pnw RIF enh pee DO: 0 PAE: 62355 2B Bh. 8 Od, SNM A thd Pub Dri. diets 8) 
HV. Gadrsrel sd ook ieae Abd honed Mo. 24008 Md Pile 16 bd Mp Mobs fi dl A fh eB it Fe 
Dab y ee ee6 08: A edert S2fh 16 Bde OB 1 E £53.48 shed be th. bobo Redd fa Sod a Lt ‘a 
Ab BAS Monae. ab 8 od rt & OO We A OF CE et een ey ef ee 
af PSAP R ibs bed pha DiS Raped of hale d-ohe dum (6h 2 bd oem aa ane 


4 = 
° 4 i4é 





Economic an 














2768 000 67068 1 oo es i 


Hii 





























































































































Ay hy CHM BAS oe 
| ha baad A 0th At Mee AP ih, WF DPN Ooh were. oS BEL b AR Dk Rolf ph 0B phot tr Meher’ 0h bobd 
ds mete BOOED? OSS SD EPb Ib 6% oR Ml Ft 4. Ph bo ph cdbh- Dae Hid BAP SG a c 
hare Rhee OM! Pr BoM of Be: ay bm ohaet o.0 Asda ghidbhnn th guboe.2, Pt DUDLEY KNOX LIBRAR ; ’ : 
AR oA § © Peeters eS ore ew ee | ‘ - 
Lp ts @ oh ‘ RhoA Bile het ch oft. 4 ah ph oi 3 ' ‘ *t s 
Pr noh ole MAG po 518 PAR! CoP Gib DLIR® BE 20828 4 Ob ob tO: 8 >» 1549844 " iy Fy : hoe J ‘ - i 
lo ONE he Rah th Any. Ee BAR oh Pde: bbe nore od ab Fe : AOA, od Boy 0-424 + 4 >. 4-4 Bis = Ad : 
ohm BN a IP SAN! OLAAb ADP ME Fs 86 Rentarto Mh PG ated ib 0 A4.% Ort Peo er a be ee Pe Ch cee bod) 2 he Pohang kL Sata! Ech) MDok' TA I i Pe 
Peteehaet ht hates ohh nf sheik Pe are Rrra ‘ste tal sheBe Godley pe Ott mt nak 6 aes fom a & OF betintohet I * a? * ' 
oH ore mamhaeh-& O46 1h-2-8 S.GchdSid Att 8D Bioko Cok OR Cash MO te Roth SALE 0 8k 0. 8-8 yh b Bib'e 6 6.895 ach % ‘sr v ¢ aS Y aw A : 
beh B10 eth oh AAD Metiteh fF 4 50 DS heme Qd sh oh 185 Bal ob OO PS ob dpabed of dod 3-4. 5. 6 8-8 3dn-0BS + hoe ear y 9 ‘ é . ’ 
1s Abeta ROy a Wh Sco Al © Rad 318 26 wih B By fee 0 Bi fh KB ODS SAL hy BoA Bid te (e080 tbe fee * Sah be a "8 4 ‘ t 26: ay A 
I OEP rE Oo MO red FOS 818 pe ALE EB. PH of © By hed of 20}. 0 Bider A bubbe | 5-36 f A I a Py 
9: A Bie head ree PSSLArS F B24 PrBSPOS pal <p ids ob nhs Ay ZO babe S heh 4 51459 Chih 10 Arh 016-44 Ho toa Obed oy ‘ ' 
6 Ahr BOs Site Oe eel FB bi MMe hoe . ‘ Se ek then May Bahiaidig 9 0.t8 ots f pine Oried # » Aet , ‘ , 4 24 5 
ne BD Naktonh Bef AYRES Dahir Fehr B Ed Oui h the M- Rad hie GS Osh Cob tk ME Leh md bie-k bob adhd mot oak OP ah ‘ 3 P 
B30 WR BaP Babs GM hr BPrday A A. Oe rod? fot bd her ® Poh dige es £6: 848 Oe 2 Mag HM od Oo 4 wires ang or Tr , . Zeit < ‘ 
EP EM bP fartioh. & HF Roam 8:4 det Smedy BAPE 4AM OOA8 dot DIGG HO Hoh rk tot OF Se) $3 AARiod Rt rig @ 8 Doge * A= 46. AAS a b , sa" y ; 
Erte MM OO Reel Beth MotB WES yD ee Neth he Og Si SEL BEG RL 18 Oh a Bad, Bed Aik ‘Rde.6 betes co me oe ry yy vey Cr ; 4 > aie as na A z 
oh ty AO 20 A ge BW PL oll FO ELE OM OOe Peru et sr Bde bite Ane Ho® Vee: We Qo Le DSO tel oh 0 BFpsdMeed | a ee | *. ’ t = / i] ‘ . PY as 5 
Se0 2 fink yy vr- 60 Ad bet 2-b.0 men. OSU PAP DOR Ale BoM 16 1H oto am of bes D Cubes . 0 dak dh Roh Add 020, 0 eb 08-8 4 : 3 a, hat a) : 4 
LB pr haan yee ey Se a CSed 2 te: COMO ak bdy & K.* 8. GgP Rahs No Orthes 6 al. 9 Me * = oof 4 A » © eka ’ A 
Oe cm niieR Ah 6 Br Rend tects Kod oh rl DOR -SLS £AROE Sd eM oh WY me At: BA MG ye 8D ? “ol ‘ e ‘s 
LORS APH AM rae Al ibe O® WT ee Ooh Caned a 6s-t4 tie abe SQ cd hibim chet Ob Bd ot ftrotoh Uuf s 8-1 Gobt hb of 2 4 ® 
bmn Oa SAB OEOR Mod UA b 2 FoN Apsieth ViS, 6-98 rh Matt hob B odrat P MOH Ss , s Fae é 8 . 
b RedaMegh, Rog e aks 01h ih DR: Ree ry Oe aoe ee Es Faw HPht weboled "+318 tues : . i. ’ g . , 
Ah OA pBES DE A PMMA CPN MMS EE OE IO ob Am O 7814 <6 ob DKS Daw om he hg Oh 19? AAR Bred Pho RUM ot ALP NM IO a Gon fit 28 fb 8 5 ae 
er ee ee ee AL tig hitch Gling OMS0s Rol Bap nh. Ors UE OBS Ot if BBD be oK she Recto h AD Bt bake ‘ ' 4 ror t ‘ Fy 
Pie We oe re foe ae 12a Asm EAS Dh ee ONE POS AAA 8 BeBe Herbed AiO shed 8-3. 0 S084 ib $ -b-8 3.8 ’ 
dm atiln Mo iO: 8 Bree HH 1S of) BP ec DM BF SFM BD Oe PR edd Ses ned ody: hhh. G08 ub BIO Ab et Sh Mg PA dod A o4 #29 rs . Q 
Be Beet abe D RMIT A Ie pee EAMES HF 5018 - BAL AED of aniod Fb oh chalet oh cose neh iat O66 # He MOBS eS Behe bf oh Gh ke F.8D Doble Men8 Got ehew © hob ‘ ‘ ' 
Lene Me aoe ® DPBh @ pOo8 - Bh Aw Sted Maly Os Ob Ms MAH Rahs BOS Mob ok RUE tee Ney ee ee ee ee oe 2 1pshhO-@ 62d & oobisder fao-Bet 4 -d ent ‘ ey | 
© cp tn fe Ao@re- 6 A Spe bbl HOR oKnt, 2-eBeo ere OT UO ee ee wer rr em or rior I, BiPaned, 2 2 1 god bod “ $ | “ 
otro eres Toe BALSA 4 208 PR OMAD OGLE. ASS 6 ipod Ce ee ee Ab D.e DRE OB sd cRsd-! AA e SHS BID A188 OU OD oe a i . 
et A le Sa Perret. 2 err 9 le Rotyl ge ue ab Piet Perr ert ae ee ee ee ee eae & FoR hits tl bas men , + ‘ Ce ' . 
6 008.4 0d S08 2s Ca ae e ry ‘ s 






he DR Boh mck. 88% 
A ere P Ave. @ anyt Ard CF 

aki Aeon yn Meh & 
Be 8) ie 6&0 rR Whe este o®.0) 


Carey ee ere ea Powe ee ee ee ee ee 4 of 
ehhh oh hob A haMoh ee. 000 8.08 cat tabead pt dod 
on ee ee eee 





Bb. Ont phstsdemd SLosmsh of UK ob MPehey OM bihebes 
eee OR OR adie B08 h A oBPE ne Bs Bhs 8 od rok a® chet phot 
aah? Doha, fi RODTartleRctES 0108 BSH 0D of O54, 0 Pie wears 
Be tlet 04S att 8 pts Ld A pb eh 2B SG Otte OB eh athe’ tn abril SRG hieeh ohié # 4 4 
Shee Roh Bhd AGEAMMH ET AD OhIOs 4H ROH ded mm FO eT eae fy aes | 
cake abe SH rb chad saben oP at H ALB Shade BO & 9G ch Bebb ARH SO heh MF BA Mok oh 
© ah Ab ah ph CREM Rea ht Cam BoM nb o1btas, Bo 2M A. iA 8 REP = -Sobodet 
0 ORO Remit ote Mew. Bek nk AE ORL APM UF Fo 3b AEE BOM AE Off FO ohh dle a8 pal ah oe Feu Dike. & Aedes fut 

Beas te Big? © Be e08 Bs Dy Be OOh: BR H:41B BoD FO he RPh e AtB He - 8 SO) BA Rad 198 hee hehe Pare oer wer Tae ere ee ei 
Tide ebay ry nt ANS AE ENE ELF OB om eA VOY BAD 07 staph 8 'srfarh DOM ve 5h OM DS wf phe hd hee ieee! oem ofr temne sp Porar i ee ee ee oe ees eee 


























Boh 01% LrMaeDrtn 6G Hi Oets V8 dy 





ee Mesh, Gntoth 0:2 BA Ohng Gh ota wh Pidtinh fF oe Pes Or rar ern - 
 ofnlit 08 ot 024 cock oh He AR AER IE ~hatyed ah habe Duke OR fey Gi sett oat 8 3h woh Phas RR BB petod-d 1 Pi motid uh 9% (9 OB; 
Poavg mceabe Em ORD de -8 mie ey Boh. the Creep 28 Bch om ohaton Mat Lene she Aes 
mete 


vars Helga Ap Fata GMa ae AOE SS io Reh B68 Ht ee ake 
AT AMA UE ge dant Ah Bkht @- Gs 9m at's, + ap ath thet RR ee oe | 


ee ee ee ee oe Ads MG ROP he yhomah- Be AB At oh Rm any 
Pe ee) 





Le ond Hae heh A AM yeh am Gt 
pt hgh OLE MAP UAB NE (oD © 
hia nt melee wo ow eR he et wien 
Bi Bint im Soanth owed 

mn 81 Yo one mp el VED Rohit 
PB 2k AD on All. Ba 
Ne ol ot eglvivpniies cs 





- fot be he OIG Oo OK em ew Rot hak 
Viet eraey a Metre ye yee tL Wet ee oe eG obo le? ards SB yh ce ot b-2 Lee 

bote Delt SR bw FR Mek ARs 0 toh oh Had Bods PF 
am bts Bae Oye nM eQ® Pe ee ee © eee de ae 
O28 Bho t- B08 2 oh & 4 TO @ oDod 416 Ae ethos ff “ty 
Piha hed hh Pid bist Medio Heh 2 he it 48 8 Ay@re 


bee eh beh OO OR GAA Wok Hh Ghee gst Satis wm Hie 
” eA ak aah ¢ Aye 


£4 obra beose 40g Morte & €.8 4.0 8 
Sind Aes - 
‘as 





























oh om Bad 
$0.4 98 e3 ob 
28.8 tA lta at ph st 2-9 EL8 HE © Coe 
Cee rey tee ee ee ee 








Dp gh time 
nf 8.0 4 Betloue ge Ra Bobet s 


G bbs 28 Dedede bh He 2 ope Sat oF 





Akt Racket ab) shee My ¥ 
\@ nis eh we BAe ome: 















en 
































































































































































- : ere . 
rds 8iy Bite EA Ue ote WE re Oe hs ag Rae Rack tty Kye) Oh G2 0% Thy oy wa ee Cie Mth be Ghease 
dr dope Baw: hs Bhat neh ment. gh gt ena diahae mi om : Crees teens pee Bore ee Gekehataes fe° of 18 : 
ray ah oe a 4, tA nd ot ea fensd > SSB pom ee oe erty oe eee se ee ee ie © ew mote 4 Bh 4 88 on us eo b0 fase eT sae "A eee 
A ih tole We at bab et bem reg DSM teh 6 4:09 08 thr oB 0 eh Abe hate hander at ge Big h Ket ap rh ho A ORS Sotag M are a ; b's 8 Py aie ae - 
Pt a VEO oF MID NY nephew & 16 Pith biden “edo mee: vu ht Os haem cts on San 4 Oo et tet 6 H ‘ tee To's “th A sree 
oe as ee ee eo 8 Oot mn mae hom of Ae bar ghee dir \ ‘ sheen F Pp . 
on AG phone OG ARSS # He Be Abe ei ee ; er ra P BOF ' 2 
Bt. shaar i® 30 = ‘2 + 6d eth ee Aokie ee PP ori eee: eee oe ‘ ae 4 ae A 
Pat BM cent toe Tots Fark doer es Oot Rt OR MA Be salig Pie ae ee by ees anb Bab od Binge 9 te ‘ a 4 < 
Dikvaminbae Etre A Ola tiie in ot mele MG Men e Fd Hobe ho ene YS yer it So thas wo 
eee ee rere ae Se Pits Ora teat XL s sis Gidtaircs tome gene 
et ae bee bg ay etn Pe Ty tee Poe Fe aS O'" 8 _ Peri 
Be ae MMIC ebb 0 a gp OVE eo wat 2,8, 2 18 =, 2 rar ems ey 
PEPE wy Ol Ae Lit eel gin O ott cated em Pr pike Oe ar Fae 
Pian wed ir) setae ble Aeitoais ies hf + 4 
Leh wes ret + bh ey Oe 2 ool y 
Bnet ges Ang 0k A hed Seon uia te’ ad al trad wr 4 
ee Peer wy So er bet fe Os £ 
OM yO oe) pa 2203 is 9? . m Or4sgh~ 0 SF 
gm he aa baie eno He wire 5 sabe aot - a =. 
© ey ere ee tes hr SRE We PF; 
¢ Mik op aden Ne tm Ob th oF tee ee be ele tt a Pi 
ends ak oP Biers Lite Sa CHA Ot: fae Car ew Or , ‘PF. 
ot BAN wee ot ok Baie ova wat foe oF Te an oe et ee ren an A Fi 
a oh AB alt rte ok RR Bae ot a eee ed ae het My 
t § Semele, abe RE Se of : Beit aces td's we ke a. 12: ‘te f 
rar ee Peet Ws Per re fae * ete 
ote oe Ye yl a phe og ig 4 els aoe Ayelet ‘2 ‘ ' 
a 5S abel eae Dat eth tte Wn fa aos Je ao ’ 
é Phe t4 gt ce tet el ae. pte be: anes » . 
Ss ot} eee ; 
reo) Pet y 
se" 2 \hse te LP ‘ ae - 
bat ave. s * » 8 
Bak oe e%g'e a4 4 
y ees i 
. Oe 
2 4 s 
. ‘ a i 
eS Bht.s ale*= @ . 
cf] , ‘ i ° ¢ 
ar a ie r ‘ 
7) a OE ‘ F te ta! 4 
aut aaie Be wi at » canoe vite 96 ota 4 wig 6* 9 pe Te, ped r 
er eee ee ott He et eae Tt oe ; Fs Ape 
simi" ote Jey 4 Ye - . a* +) Par ‘ . 4 os = 
Me ; mie hu ‘ ry e"s 8 a f > ones es 
pw’ ’ a a as oa t a6 -& 
PROT) Pert Se ‘; Cd 5 } 9, AS ope i * 
ae i's ¢ . « ‘. acne 
‘ 7 





















































































Aes ete ae 
ome rat : We is BFL 
We Lett rd ak eee a 4 
Reed gsr est Br be s 
Fee he LT eS it a bre 4 
FECTS, UL Hey Sees ee 
hte ass, US my q nh 
as BUSES OS Fe o~ 
?. Veh & 
gece bells. * oi 
ts Fook pee bbe ee : , “5. 
Ft tay fa de ets ei tue 
ieee 


Weihite Jaf oy 
OT OETT eS ht rie Pie eae ee to 
PRRANSAA, 


rere r we 
man hats 


Pasi e M WEN te tes 


























ary Nyt 
* wri "5 BA 
tg ‘ wes, To te * 
Swans hiss bege : Ws bay 
Porritt greeny Sup ge ey, Gt 
tepere ru cura yyy 8 ‘ oiqi ARS 






ey 





e 
my % 
a td 








rn 
Reryros tie Bre el eeee Shey epee 
wiperieney Care OT te 
erga ogee an ether’ My) 
Sig MeN tp ee Lanes! 



































FUre Fe ree y ce: 
debe ie Ph tf Pe etree | ato 
Fees ey rer w mE RPE KOS, eeu aie: gi eet ies Se yee le ae : 
Pus wets vibe, Pepe leprae ee ge ¥ ihiitet 4 
» fete Sogou r’y5, it ee eo . Doyen t 
‘ AP Say Pook VEE GND 











bot ein 4 
gay ceoye ts 
wes ye 


1A 











eho oere Oh de Se ‘Yee 
euteneg Spyrest Fert uralern Gpiely WFQ EEE St Oras 
: epep hese ia ses EPO OSe © Saha tgeury 
Ree eet Morea Nina paies th! ; 


{ryan YS say WEES TEMS TONER AY Feed 
gage ees Ay MS sePQre he" 4 
Bed qty 0 Be 
me et tyes 

“4 



















































































































































































































































































—- 


Retype sds ge 
eT ted eee Say NET Se , 
ree ak reset Hobs 1 nye \ . ; 
aan eh bY Ale : AH ok Og WHO ENA sa Are wee, weeps Ss ‘ cae | v4 
wre ee Hy Per eee Ome Bets eres . / . seseel 4 rege HA greet Bly ares CEhe CPL Po MO ee ry F | ‘ 
ebtgee Meepermle ACR PEEEN Ge We Pee RPY hey A 8F 89 Sue Fw MOG 09, me Neitrreruaie tier ta peeens : 7 ; Peis. 
Sea ryy SHO FO yn NEU toe er ot NES he Gr 4 ~y el Tad & Odd i vase a 7¢' Au a Ty to gals OF Po Nr pes): 
mentee SLA ee Ys ere ete Tenures cry er Braden rel WEES NY PULP SRLS La Vuh 29 ied A Uiksen S " ‘ 
apples aby TARE aie tee Pim ie ea ly Fader be: yeded ue qirhse/e'e aye Oh horns eh HAPS 8 fee OR Le te. * ‘ 
see Tepl res Qees Ochna se Sent th th VDI, Lvtghnerard Teasee eb OL MMmey ib suis gM eel Fe re Later NPE ree EL Ot a wey . 
repre aged tie tawqe ar Ae YH PY OLA Se HOT yal cosy GNP ett hey sie heey shri hi! yy AY t. > 4) 
eee rier alts) MM te Th kL ERA ye ere Eyer tee Sea Be gh Oey weary ee UW LeU ‘ an ‘ a 
Peet Ota rede et erg PUES Uy ae UFe acts Heer tor sy eye eg Ht ; NF ES hs hai Sarl Lat eh Nh fa ; i, 
OF pm ee ere wre ay te ea WHEY vere fe Ga ite Lae Sh Pe ’ 430%, % 1 est pguel a VAS iis ey Met ue hey er ey tf ae ® 1 ee =) ei 7 
Saige} DEY, HALU wap meg hey ewe SrA Wriayiy. thet be ALS i Py? eT eet! a By ; =o Ma 
plete Pi tht tele Gil Oy 1 dae, ted a Pyle Sth a AS vers FUE SC OREAAIN SN ont, HF e «f 
Fe tosta Bp litpath pap men SANT bla Tht he E'vagnhee CN ble 4 4 bras yy rN rest tm 
, Hh Hq ONY FELD Dh my rade HE HL, © PET 4 ay they i ere) ad 
a ineh og Nou 6 ED FON Way f rat Neh 8 a 
eau e ie + . 
eure ns « 7 cry ek €i ® 
Wy Bdecyrewe SR TELIS EON NEE m Porveerely bw eeetecy M 9 i : 
Sat bell Seveee Oe Bethe sy : 3 yt ee Hr? ao, td TM “Moved 8 bs e ‘ 
PUY: FOG bidey “SSE PETER UME! ENK iy ty a ‘ot I 
beer tegen Pew in © PP Gry FQ TZ EES Heh Brey Ga OY gtyhy ct si eh, 4 3 ivy 
poh ter ees MURA RO RE HUEY HO LURE Uae mci Ft Ps a a { are A ‘ 
eh yers eed ay, wm sels Ore Ye aap) «at ay 4 : f +4 
age Oy oe RYH ID Gy “WEEE MLE e pe ES Fe ree * : ‘ 
eve tts ic tad sweety Os PREY UO ab eee 
‘Gh apy vat erg eth CLM eee 4 
9 ie iea- Lay eo AP t 
&ryeer Pe i hh! cru Py : \ 
ee Tatar PETA yg Sk Ne pA BLES Ue ae ee ELT : 
¥, Foe VEY ke Oey nebo gagerk ety pata Me a eG be Oh asta ead va 2 ae " 
Ot Sate a eat) Pe SSR res Boks tak Lg tT Oh i A 
pve eB OPRERIN EIS ATP ROU Te tk, OME Pet Oh tela We ded ae ca Ee ines 
are st eee Fete - ys EERE MR DION ES BREN Yh UPS ENA Meee 8 8 OO, {alr ;* 
: Cpr 6 RF WITS @ OL igte (tate BOA Use Awe 
‘ eter tee ey FA 4 : 1 
uP a GPR & see eure tiie % G8 ’ . 
v oh Reta Ra id Sia 4e el ryhe ty a) 
‘ he ice ea tian AE e eS thst eS : ‘ 
the at & + 
a eee pe aes ts eA . 
reer bere’ 021A FOIE te Apr ee Tey ee Myton il + 
15 SOT RON de Wa PyaTT Yi tae gh eed +k fo : wes Ma . 
WUT G Peme hy yw YLT EW OER Pale ie ong £0 SEAL FEW vere OE A i UHR Tirade alate 
DTT ate Dott Be tot tek ok hk oh eRe aed Ure b Baws HS av! ek ee 
MPD ENp oT sory Le SPy BEESY io ve mae Cogs MSE DeYat Ast) WE AN Fi ain et A 4 
Wis og: Wagey ay Pd Duaves WEE TY BENE evry Vibe vivet ce gd Fou eage ha evan els re : ‘ 
PT Ler tl tit tee th ok PLA fa CLL a a ML tinea ‘ Viv fe cas ts FOOT : 
OH YOe Hore (hla lal tl fees Tesh OH MPP RIO FF “e.0tv? Aebitey VM, Pes 
ra Emory AVG HED Goes Hy QTED bdo yee. yal Ay r es 0 Rew vy, Or eTe LETT N: oe Ty 
vba od deel Bah ob sig 167 4 w ERN TE tipi vabiesysurere ‘ a peat Map R ED AEE AY 0 ESTE : . 
J aah pobre Pikng Hee F TIVE DOL TOR DOVES ELE OPEE ONTT VES he HE SPY UR sv RR TTT 4 ’ 
Urwsey Gemigge syd: Gey Seles Tyrese Wee Pe RP Tele oye) "T? VU ey { BU veged Bey UIE 
OD eg a ew rarely wy sich WHORL’ ya OMIT Uh Fea eh) Leet ih Ok he ee i VW vtyieiey, MEE Le 
eee eG TAH S lay OTH RFR og, VHPIE ALOT EAT NENG ‘y vieiedyee nny uns Bye" AP ay Oby ere Meee rtaar Fe “ 
Gury ous te ekser? & suetparcy = sty or) b he TAS) YR VER STR eV eh WY AO GEG 004 21 Ggsee 1% Dig eres 
Pay oy Teo Leda AY hod beh Od eh Pe ee be ba POS WED Th AVEC PEMD GO ToS EM, Sere y 
Py ity weet pt PVE WI ONE 1 Ce peer th ate Uh hed YOR TFs Toth bal od ath tale oe eee d ’ - 
tbgens eying he WR OT WN Gere FY webine Qty erUd! Bah deeP ite BGs BUNA PL eds EEL QTY P VIEL YE Vee d ; 
Dien kL. hi ts to kd Le eh VO NEVSKY th ys Mea PTT A ad Ghee Coy ek ce lead fe. (EH! at 
Teen een BR TRTE CL SHSM CPUS HEY BOPHE YEL NEY EO STILS © wry VIRIY reper wT MENS! «SV ORe ETE Bey ‘ ; 
Fewer Oe UPR EON ET THE NE DTT HOE A agi oe Rrrcensl é oe 
we hiweVenlg act fiery WPT Ye ee VIE Owe VEIT Wee OF 14 sire 
eteey eave y & oh Hp vrgsery' ge?! Stbry were th, eye Cee 
Qerae BPreeves cess | be v r wT vE™ OTE. FS eR S Ne ‘ 
big 7@ tele 0h Fat Pe qPOEL FC oy Ne SIN nt Mp Zoek witer wry) rou ih wet Cite oa bb ie 
Fey |G Sapevievads prerarhs Ye yeanrgce wey nee 7 ¢ He iepaned ESET AED TELL E IN 






Ue Tyr. 
Leora eerg’’ 





CIE wes Cogent e yes HEELS LED SeetepprEyteyE F 




























oo 


